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Crosslinked polyamine coating on superabsorbent hydrogels 
Description 

The present invention concerns (a) superabsorbent particles with 
a shell. Said superabsorbent particles comprise of hydrogel- for- 
ming polymer, and said shell comprises of a cationic polymer 
crosslinked by the addition of crosslinker and adhered to said 
superabsorbent particles. The invention also relates to a method 
of making such a material. 

The invention further relates (b) to composites and a.irlaids com- 
prising such superabsorbent particles and the application of said 
composites and airlaids in hygienic products. Said hygienic 
products exhibit improved dry- and wet-integrity as well as im- 
proved permeability, acquisition behavior and rewet . 

In one aspect of (a) the present invention concerns coated absor- 
bent particles having improved absorbent property, i.e. having 
improved performance on CRC, PAI, PP, ratio AUL (0.01 psi) to AUL 
(0.90 psi), Gel bed permeability, and/or vortex time compared to 
superabsorbent particles without adhered cationic polymer shell 
or compared to state of the art superabsorbent particles . 

In another aspect of (a) the present invention concerns coated 
absorbent particles having improved permeability. Said absorbent 
particles exhibit improved permeability without tendency to- gel- 
blocking by unchanged high CRC. 

In yet another aspect of (a) the present invention concerns coa- 
ted absorbent fines. Said coated fines exhibit improved acquisi- 
tion rates without tendency to gel-blocking. In detail, this as- 
pect of the present invention concerns improved coated fines of 
particle sizes below 400 ^m as well as their application for im- 
proved absorption of aqueous fluids, e.g. in hygienics, medical 
care, engineering and construction, in agriculture or as food 
packaging and storage and protective against fire. 

In one aspect of (b) the present invention concerns composites 
comprising superabsorbent particles with a shell, preferably a 
crosslinked polyamine shell) exhibiting improved performance. In 
an particular aspect of (b) the present invention concerns air- 
laids comprising superabsorbent particles with crosslinked poly- 
amine shell exhibiting improved performance. Composites or air- 
laids of this aspect of the present invention show an excellent 
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acquisition behavior as well as high absorptive capacities and 
low rewets at the same time. 

In another aspect of (b) the present invention concerns composi- 
5 tes comprising superabsorbent particles with a shell, preferably 
a crosslinked polyamine shell, of high permeability by unchanged 
CRC. In a particular aspect of (b) the present invention concerns 
air-laids comprising superabsorbent particles with crosslinked 
polyamine shell of high permeability by unchanged CRC. Composites 
10 or air-laids of this aspect of the present invention show an im- 
proved permeability. 

In yet another aspect of (b) the present invention concerns com- 
posites comprising hydrophilic absorbent fines with a shell, pre- 
15 ferably a crosslinked polyamine shell. In a particular aspect of 
(b) the present invention concerns air-laids comprising hydro- 
philic absorbent fines with crosslinked polyamine shell. Composi- 
tes or air-laids of this aspect of the present invention show an 
improved acquisition behavior and low rewets at the same time. 

20 

Said composites and said air-laids including more than 30% by 
weight, of said hydrophilic superabsorbent material. The . combina- 
tion of originally counter-current features as high CRC and ex- 
cellent permeability by showing preferably no gel-blocking on the 
25 one hand, and short acquisition times and low rewets on the other 
hand allow the application of highest amounts of polyamine coated 
superabsorbent polymers in the new composites. 

Composites or air-laids of the present invention have an excel- 
30 lent smooth feel in a relatively thin absorbent sheet material 

with unexpectedly high loading of superabsorbent polymers and can 
be manufactured without fiber or binder while providing excellent 
structural integrity with little to no shakeout or loss of super- 
absorbent particles from the sheet material . 

35 

Absorbent materials for use in personal care products for the ab- 
sorption of body fluids are known in the art. Hydrogels (super- 
absorbent particles) are able to absorb large volumes of aqueous 
body fluids (at least about 15 g of 0 . 9%-NaCl-solution per 1 g 

4 0 hydrogel) . Superabsorbent particles are polymers of unsaturated 
carboxylic acids or derivatives thereof. These polymers are ren- 
dered water-insoluble, but water-swellable by crosslinking them 
with conventional di- or polyf unctional monomer materials. These 
crosslinked polymers still comprise anionic charged carboxyl 

45 groups attached to the polymer backbone that enable the polymer 
to absorb aqueous body fluids . 
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Super absorbent polymers are manufactured by known polymerization 
techniques, preferably by polymerization in aqueous solution by 
gel polymerization. The products of this process are aqueous po- 
lymer gels, which are reduced to small pieces by mechanical for- 
5 ces and dried afterwards using drying procedures and apparatus 
known in the art . 

The drying process is followed by pulverization of the resulting 
polymer particles to the desired particle sizes. Inevitably the 
10 pulverization method leads also to particles having smaller sizes 
than desired (fines) . Fines present in hydrogel- forming polymers 
reduce the absorptive capacity caused by the so-called gel-blok- 
king. 

15 Gel-blocking occurs when superabsorbent particles are wetted and 
the particles swell so as to inhibit fluid transmission to other 
superabsorbent s or to other regions of the absorbent structure. 
Wetting of other regions takes place by a very slow diffusion 
process. As a consequence, acquisition of aqueous body fluids by 

20 the absorbent structure is much slower than the rate, at which 

the fluids are discharged, especially in gush situations. Leakage 
takes place, before the superabsorbent particles are fully satu- 
rated and the fluids reach the unwetted regions. 

25 To improve the absorption profile, the superabsorbent particles 
need to be optimized in absorption capacity, absorption rate, ac- 
quisition time, gel strength, and/or permeability. This allows to 
reduce further amounts of cellulosic fiber. 

30 It is known that superabsorbent particles with small particle si- 
zes show fast acquisition times because of their higher surface 
area they are offering. Incorporation of fines into absorbent co- 
res generally means very quick acquisition of aqueous fluids at 
the first application of aqueous solution and an excellent rewet 

35 after this first dosage, even by measuring the rewet value after 
2 minutes and not - as it is usually done - after 10 minutes . 
The common problem of the use of fines is the second and the fol- 
lowing applications of aqueous solution. Fines show for the 
second and the following applications higher acquisition times 

40 and also worse rewets. 

One task of the present invention is to confirm the fines, which 
are just showing an excellent acquisition behavior because of 
their high surface area, into a product with an absorption pro- 
45 file, which doesn't allow* characteristics as gelling or gel-blok- 
king by wetting. It is desired, that the new product show high 



03043670A1 I > 



WO 03/043670 



PCT/EP02/12SO8 



4 

permeability and gelstrength, as well as a high absorption capa- 
city and low rewets at the same time. 

Yet it is another task of the present invention to overcome the 
5 above problems concerning the absorption profile of super- 
absorbent particles in general over the whole particle size dis- 
tribution, preferably from 150 |im up to 1000 jxm. It is desired to 
offer hydrogel- forming polymers, which are don't showing the di- 
sadvantages of the related art. The new products are desired to 
10 combine countercurrent features as high CRC and excellent permea- 
bility. 

Yet it is a further task of the present invention to overcome the 
above problems concerning incorporating superabsorbent particles 

15 in highest amounts in personal care products . While the structu- 
res described in the literature have often proven beneficial, 
they have not completely solved the problems associated with the 
use of superabsorbent particles. Because of gel-blocking, the ra- 
tio of superabsorbent to fiber remains too low for the intended 

20 use of absorbing large quantities of body fluids. Furthermore, 
the problem of separation of the incorporated and not affixed 
particulates by wearing the personal care product remains. Up to 
now there is no proposed absorbent structure that overcome the 
problem of incorporation higher amounts of superabsorbent parti - 

25 cles without changing the absorption profile. 

In order to use higher quantities of superabsorbent particles 
within personal care products, the liquid permeability is an im- 
portant factor which has to be considered. The permeability or 
30 flow conductivity of the hydrogel layer formed by swelling in the 
presence of body fluids is very important to overcome the problem 
of leakage. The lack of permeability directly impacts on the ab- 
ility of resultant gel layers to acquire and distribute body 
fluids . 

35 

Water-absorbing resins, particularly superabsorbent polymers, 
have been in use in disposable, absorbent fibrous articles, such 
as diapers and bandages for many years. These superabsorbent 
polymers have been used together with a batt of absorbent fibers, 

40 such as cellulose fibers, used to absorb and hold the liquid wit- 
hin the product, and for faster liquid uptake during the slower 
absorption of the liquid by an adjacent superabsorbent polymer. 
The most common absorbent batt used in the diaper art is manufac- 
tured from fluffed wood pulp fibers, as disclosed in U.S. Patent 

45 No. 2,788,003. A densified paper-like surface layer also has been 
used in conjunction with an absorbent batt to improve "wicking" 
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of the liquid to the absorbent batt, as disclosed in U.S. Patent 
Nos. 3,612,055 and 3,938,522. 



Others have attempted to manufacture a continuous roll of woven 
5 or non-woven fibrous material that contains a high percentage, 
e.g., 50-80% by weight, of a particulate superabsorbent polymer, 
such as sodium polyacrylate . Examples of fibrous substrates im- 
pregnated with superabsorbent polymer are found in U.S. Patent 
Nos. 5,614,269; 5,980,996; and 5,756,-159 wherein a fibrous 
10 substrate is impregnated with the superabsorbent polymer by im- 
pregnation with the monomer and subsequent polymerization by con- 
tact with UV light for polymerization In situ while in contact 
with the fibrous substrate. 

15 Other patents, including U.S. Patent Nos. 5,607,5 50 and 5, 997,690 
teach the continuous manufacture of a fibrous substrate contai- 
ning more than about 50% superabsorbent particles (50-60%) by the 
wet, papermaking process. The raw material, including fibers and 
superabsorbent particles, are mixed with high quantities of 

20 water, or other liquid medium capable of swelling the super- 
absorbent particles, and deposited onto a water-pervious support 
member, generally a Fourdinier wire, where much of the water is 
removed leaving a wet mass of fiber and superabsorbent polymer 
particles. The wet mat is transferred from the pervious support 

25 member and consolidated under heat and pressure to form the fi- 
brous substrate having the superabsorbent particles distributed 
throughout. As disclosed in U.S. Patent No. 5,997, 690, sufficient 
absorbency performance requires at least about 50% by weight 
superabsorbent particles based on the total weight of the absor- 

30 bent article. The most difficult problem encountered in attemp- 
ting to continuously manufacture the sheet material containing a 
relatively high percentage of superabsorbent particles is in 
achieving structural integrity of the article both during and af- 
ter manufacture without significant loss (shakeout) of super- 

35 absorbent particles. 

Another principal process for continuously making a consolidated 
sheet of material is a "dry" process. In a dry process, filler 
material, such as cellulosic fibers, is coated with a resin bin- 

40 der in a gaseous stream, or by mechanical means. For example, the 
fibers supplied from a fiberizing apparatus (e.g., a pressurized 
refiner) may be coated with a thermosetting synthetic resin, such 
as a phenol -formaldehyde resin, in a blowline blending procedure, 
wherein the resin is blended with the fiber with the aid of air 

45 turbulence. Thereafter, the resin-coated fibers from the blowline 
are subjected to pre-press drying, for example, in a tube-like 
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the fibers onto a support member (e.g., a forming wire). The for- 
med mat, preferably having a moisture content of less than about 
10 wt.%, is then pressed under heat and pressure in a press 
between a pair of heated platens to cure the thermosetting resin 
5 and to compress the mat into an integral consolidated structure. 
The consolidated structure may be embossed on an outer surface by 
texturing one of the press platens to achieve a desired embossed 
design in the outer surface of the product during consolidation. 

10 Another process for continuously manufacturing a consolidated 

sheet of material is a wet-dry process, wherein resin-blended fi- 
ber from the blowline is mixed with water as the conveying medium 
and is formed into a mat as a wet slurry on a water-pervious sup- 
port member where water is removed by mechanical means to a moi- 

15 sture content of about 60% or less. The formed mat then is mecha- 
nically conveyed through a multi-deck air dryer in which the moi- 
sture content is further reduced to about 10% or less. The mat is 
then pressed under heat and pressure similar to the above-descri- 
bed "dry" process. 

20 

Yet another important factor which has to be considered by incor- 
porating superabsorbent particles in absorbent members besides 
the method of manufacturing is the wet integrity of the regions 
in the absorbent structure that contains the superabsorbent par- 

25 tides. Absorbent structures with good wet integrity showing suf- 
ficient integrity in a partially wet, and / or wetted state such 
that the physical continuity of the hydrogel formed after swel- 
ling is not substantially disrupted or altered under normal use 
conditions. During normal use, absorbent structures in absorbent 

30 articles are typically subjected to tensional and torsional for- 
ces like bouncing, stretching or twisting in the scrotch area. If 
wet integrity is inadequate, these forces may cause a substantial 
alternation or disruption in the physical continuity of the 
hydrogel which leads to loss of permeability of the super- 

35 absorbent hydrogel zone, or the hydrogel particles will be shif- 
ted and drifted in such manner that leakage occurs. 

A lot of work were done to immobilize superabsorbent particles in 
order to improve wet integrity. One possibility is the addition 

40 of large quantities of liquid polyhydroxy compounds that act as 
an adhesive to hold the particles together or attach the parti- 
cles to a substrate; but during swelling, to some extent, the 
particles become detached from each other or from the substrate 
in the presence of excess liquid. Another way of immobilization 

45 describes the formation of an interparticle crosslinked aggre- 
gate, wherein the aggregate is joined to a carrier, which may be 
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Unfortunately interparticle crosslinking will lead to loss of 
flexibility and therefore to unpleasant feeling by wearing the 
absorbent member. Further, interparticle crosslinked aggregates 
tend to lost of water when stored for a larger period of time and 
5 thus the aggregates become stiff or brittle. Moreover, interpar- 
ticle crosslinking is shifting the degree of crosslinking towards 
higher values, which leads to lower absorption capacities. More 
flexible absorbent structures are gained by adhesive attachment 
of superabsorbent particles to fibers. Unfortunately the adhesive 
10 attachment negatively influences the absorption profile of the 
particles and leads to nonuniform swelling. 

In W001/ 5 662 5 an absorbent structure is proposed which contains 
an absorbent layer having a relatively high concentration of 
15 high- absorbency material but which absorbent structure is stable 
and affixed to a matrix and cannot be detached by mechanical for- 
ces . The new absorbent structure has a specific absorption capa- 
city especially in regions, were in gush situations highest 
amounts of body fluids are applied. 

20 

Generally said web is loaded with superabsorbent material up to 
60 or 70 w% compared to conventional personal care products. Said 
web offers high absorption capacities, but the permeability 
should be better for wetting the entire amount of superabsorbent 
25 material. 

It is a further task of the present invention to provide a matrix 
wherein superabsorbent polymer is incorporated in amounts conve- 
nient to have an optimum in permeability and absorbency and which 
3 0 exhibits wet strength integrity. The absorbent structure has to 
be of high flexibility and thinness, which is therefore very com- 
fortable in use, even in wearing the personal care products over 
a longtime period. 

35 It is desired to have high absorption capacity superabsorbent s in 
a diaper, wherein the absorbent core is preferably continuously 
manufactured for reasons mentioned above, but high capacity su- 
perabsorbents limits the permeability within the diaper. Conse- 
quently, the superabsorbent particles are higher crosslinked to 

40 improve permeability of the superabsorbent, which results in lo- 
wer capacity superabsorbents . Superabsorbent material of extre- 
mely high prosslinking is proposed in WO 00/46260. Said material 
shows a Pressure Absorbency Index of less than 100 and a Vertical 
Absorption of not less than 12 g/g under a pressure of 1922,8 Pa. 

45 Particularly preferred are superabsorbents which additionally 
possess a Performance under Pressure of less than 23 g/g (0,7 
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Pa) . Superabsorbent particles of said invention exhibit excellent 
liquid acquisition, transportation and distribution properties 
but are strong limited in absorption capacity and rewet. 

5 Polyamines are known to have improved adhesion to cellulose 

product (fluff), while polyamine coated superabsorbents have some 
improved permeability as measured in the bulk for lower capacity 
superabsorbent. Coating with uncrosslinked polyamines shows im- 
proved adhesion to fibers because of the high flexibility of 

10 polyamine molecules. But as being uncrosslinked, the polyamines 
are easily to extract by wetting with aqueous body fluids. Thus, 
the viscosity of the fluid to absorb will rise and the acquisi- 
tion rate of the superabsorbent material slows down. On the other 
hand, if the polyamine is covalently bond to the superabsorbent, 

15 the degree of crosslinking of the superabsorbent particle will be 
higher and the absorptive capacity goes down. Moreover, c ova Lent 
bonding occurs preferably at temperatures of higher than 15 0 °C; 
and at that temperatures obviously there are problems with yel- 
lowness of the product. 

20 

In literature there are a lot of patents concerning the addition 
of cationic compounds to improve permeability of superabsorbent 
particles and their immobilization after incorporation in perso- 
nal care products. Most of the items found in literature are dea- 

25 ling with base polymer or commercial polymer, which is cross- 
linked and surface crosslinked to a content desirable for the in- 
corporation in known composites or personal care products. Most 
of the patents leave the superabsorbent particles unchanged and 
coming up with procedures for applying cationic polymers or mix- 

3 0 tures thereof with, solvents onto substrate or said superabsor- 
bents to form covalent bondings. 

US 5,883,158 (Kao Corp.) is dealing with a process with a plura- 
lity of steps within the process. At first, superabsorbent parti- 

35 cles (base polymer or commercial polymer) have to be treated with 
water (water-retained SAP retaining 10 to 100 parts by weight of 
water per 100 parts by weight of SAP) , followed by dispersing 
them in a solvent and addition of the polyf unctional compound ha- 
ving two or more reactive groups and selected from a hydrophilic 

40 polymer or a metallic compound in an amount of 0.005 to 5 parts 
by weight per 100 parts by weight of SAP . In a further step a 
crosslinker having two or more functional groups capable of reac- 
ting with the polyfurictional compound is added at a weight ratio 
of the polyfunctional compound to the crosslinker of 0.1 to 30. 

45 If the SAP retains less than 10 w% water the resulting products 
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are not suitable as water absorbing polymers in hygienic applica- 
tions and show a poor stability. 

WO 95/22356 and US 5,849,405 (Procter & Gamble) are claiming a 
5 method for obtaining absorbent material with at least one impro- 
ved absorbent property (GBD < 0.95, SFC at least 20-10~ 7 cm 3 sec/g, 
BBS at least 30 gf , CR at least 15%) , comprising a mixture of 
SAP (base polymer and also commercial SAP) and an absorbent pro- 
perty modification polymer (e.g. cat ionic polymer) , that is 
10 reactive with at least one component included in a urine 

(phosphate ion, sulfate ion, carbonate ion) , wherein said mixture 
is made by applying a solution containing an organic solvent, 
water and said absorbent property modification polymer onto SAP. 
The weight ratio of organic solvent to water is- at least 50:50. 

15 

WO 97/12575 (Procter & Gamble) also reports the addition of poly- 
cationic compound without further crosslinker. 

WO 99/25393 describe multi component super absorbent gel particles 
20 wherein the hydrogel forming component is neutralised between 0 
and 2 5 mole-% . 

US 5,851,672 and US 5,985,432 (Procter & Gamble) proposing the 
addition of a reactive hydrophilic compound having a function for 

25 modifying surface characteristics of superabsorbent particles. 
The reactive hydrophilic compound id chemically bonded to the 
superabsorbent particle. The proposed method is very expensive: 
(a) applying a first surface modification compound onto the 
surface of the SAP (b) swelling the absorbent polymer by absor- 

30 bing water (c) removing a portion of the water while maintaining 
the swollen state, thereby forming a porous structure. 

Other patents dealing with benefits from incorporation of poly- 
amine coated superabsorbent s ( which are not crossl inked ) in fi- 

35 brous matrices, e.g. US 5,641,561 (Weyerhaeuser), US 5,382,610 
and EP 0 493 011 (Nippon Shokubai) , WO 97/39780 (Procter & Gam- 
ble) are claiming an absorbent material having improved 
structural stability in the dry and wet states, comprising water- 
insoluble absorbent hydrogel-f orming polymer, a polycationic po- 

40 lymer bonded to the absorbent gelling particles at the surface 
thereof and glue microf ibers that act as an adhesive between SAP 
and carrier layer. Said carrier layer is selected from woven or 
non-woven material, polycationic polymer selected from the group 
consisting of polyamines, polyimines and mixtures thereof (Claim 

45 9) . 
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Above patents describe however very special efforts for immobili- 
zation of polyamine coated SAP, which results in expensive proce- 
dures . 

5 WO 95/22358 (Procter & Gamble) is dealing with an absorbent mem- 
ber containing absorbent material as described in WO 95/22356. US 
5,324,561 (Procter & Gamble) reports about SAP which is directly 
crosslinked amino-epichlorohydrin adducts (Kymene ®) . 

10 Most of the above mentioned patents are dealing with the benefits 
in permeability from surface coating with polyamine compounds. 
But most of them are working without further crosslinking agent 
at higher temperatures, which results in interparticle bondings 
and / or cpvalent bondings of the cationic compound at the 
15 surface of the super absorbent polymer particles. It is know to 
the inventors from a lot of experimental work, that each change 
in the degree of crosslinking at the surface or within the super- 
absorbent particles changes the absorption profile of the resul- 
ting polymer. Therefore, if commercial products are used, as done 
2 0 and claimed in above patents, a change of the absorptive capacity 
towards lower values by increasing the degree of crosslinking is 
found. Despite there is a increase of permeability and a lowering 
of gel-blocking in the resulting products, the change for the 
worse concerning the absorption capacity and the high efforts in 
25 process (a lot of different steps, additional compounds like 
plasticizer) negate the former benefits. Further interparticle 
crosslinking will lead to loss of flexibility and therefore to 
unpleasant feeling by wearing the absorbent member. Further, in- 
terparticle crosslinked aggregates tend to lost of water when 
30 stored for a larger period of time and thus the aggregates become 
stiff or brittle. More flexible absorbent structures are gained 
by adhesive attachment of superabsorbent particles to fibers. 

It is desired to create an absorbent structure having a relati- 
35 vely high concentration of superabsorbent material showing the 

benefits from surface coating with polyamine products in increase 
of permeability, but without changing the absorption profile of 
the former superabsorbent particles by additional crosslinkings . 
It is desired to provide an absorbent structure wherein super- 
4 0 absorbent polymer is incorporated in amounts convenient to have 
an optimum in permeability and absorbency and which exhibits wet 
strength integrity. The absorbent structure has to be of high 
flexibility and thinness, which is therefore very comfortable in 
use, even in wearing the personal care products over a longtime 
4 5 period. 
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Polycationic compounds are advantageously used because they form 
a strong ionic bond with an anionic absorbent polymer and retains 
strong adhesive forces after absorbing water and swelling with 
water. Said adhesive forces cause that the crosslinked cationic 
5 polymer is adhered to the super absorbent polymer. It is desired 
to have preferably no covalent bonds between the cationic polymer 
and the superabsorbent polymer. Preferably there are only asso- 
ciations via intermolecular interactions such as electrostatic 
interaction, hydrogen bonding interaction and van der Waals in- 
10 teractions. Therefore, the presence of cationic polymer on the 
superabsorbent particles preferably will not influence the ab- 
sorption profile of the superabsorbent polymer. In addition, 
polyamines are known to attach adhesively to fibrous substrate 
and cannot be extracted. 

15 

The desired absorbent structure has to be able of quickly absor- 
bing body fluids applied thereto. It is further desired to pro- 
vide an absorbent material which is incorporated in personal care 
products in highest amounts while maintaining the required ab- 

20 sorptive capacity without showing gel blocking phenomena and the- 
refore preventing leakage. It is further desired to make absor- 
bent structures with immobilized superabsorbent material without 
further addition of compounds as glue fibers. The new super- 
absorbent material has to show high CRC and. a permeability like 

25 highly crosslinked polymers, but has to have on the other hand 
high absorption capacities and excellent rewet values. 

It is further desired to provide an absorbent structure which is 
easy to produce and therefore inexpensive in manufacturing. 

30 

Surprisingly it is found, that such a desired absorbent structure, 
with combined features of high CRC and permeability on the one 
hand and high absorption capacities and excellent rewet on the 
other hand can be obtained by producing superabsorbent particles 

35 with a shell and applying said absorbent material to fibrous web. 
Said superabsorbent particles comprise of hydrogel-f orming poly- 
mer, and said shell comprises of a cationic polymer crosslinked 
by the addition of crosslinker and adhered to said superabsorbent 
particles . Other components may be included in the superabsorbent 

40 particles with a shell. The core thereof preferably consists of a 
hydrogel forming polymer. Preferably the shell consists essen- 
tially of a cationic polymer crosslinked by the addition of 
crosslinker, more preferably the shell consists only of a 
cationic polymer crosslinked by the addition of crosslinker. 

45 Cationic polymers are preferably polyamine or polyimine material, 
preferably polyamin. Cationic polymer are preferrably (a) 
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dary amine groups; (c) polymers having tertiary amine groups; and 
(d) mixtures thereof . The cationic polymer may also include qua- 
ternary amines als long as there are some crosslinkable groups 
(i.e. some primary, secondary and/or tertiary units) . Examples 
5 are polyvinyl amine , polyvinyl imine , polyvinylguanidine or mixtu- 
res thereof. Preferred are polyvinylamine and polyvinylimine . Mo- 
st preferred is polyvinyl amin . According to the invention, both 
cationic polymer and crosslinker are added at the same time wit- 
hin one step or separately in two steps to said hydrogel- forming 
10 polymer. The resulting solution is called coating solution. It is 
important that the curing takes place after the addition of 
cationic polymer and crosslinker to prevent covalent bondings or 
gelling of the coating solution. Said cationic polymers are reac- 
ting preferred with said crosslinkers than reacting- with free po- 
15 lymer endings of the superabsorbent polymer to form covalent bon- 
dings. Therefore it is possible to prepare crosslinked cationic 
polymers within one reaction step covering entirely the surface 
of the superabsorbent polymer only by adhesional forces. Examples 
for crosslinking agents reacting with cationic polymers are mul- 
20 tifunctional acrylates, multifunctional esters, halohydrins, 

multifunctional halides, multifunctional isocyanates, transition 
metlas like zinc. Preferred crosslinkers are selected from the 
group of sodium formate, poly (ethylene glycol) diglycidyl ethers. 
The optimal concentration of the crosslinking agent has to be 
25 adjusted depending on the activity for the agent and polycation. 
For polyamine and di epoxides the ranges is 0.25 - 4 mole percent, 
for sodium formate the range is between 50 and 150 mole percent. 
The crosslinked cationic polymer covering the surface of the 
superabsorbent polymer is called the shell. The shell covers most 
30 (more than 50 %, preferred more than 80 %, more preferred more 
than 90%, especially more than 95 %, 96%, 97%, 98%, or 99%) of 
the surface, most preferred the entire surface. According to the 
invention, the number of covalent bondings between cationic 
polymers and superabsorbent particle are extremely low and in a 
35 especially preferred manner they are completely excluded. Super- 
absorbent particles with a shell concerns in this invention pre- 
ferably particles of one core of hydrogen forming polymer within 
the shell, but by using fines of hydrogen forming polymer one or 
more fines may be included a shell. The core of the hydrogen for- 
40 ming polymer is not restricted with regard to shape, but concerns 
preferably particle sizes below 1000 [Am in diameter. The hydro- 
gel-forming polymer has a residul water content of less than 10 
weight-% (w%), i.e. 9, 8, 7, 6, 5, 4, 3, 2, 1, or less w% water, 
preferred is a water content of less than 7 w% , more preferred 
45 less than 5 w% . The lower limit for the water content is prefer- 
red 1 w%, more preferred 2 w% . 
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In a preferred embodiment the base polymer is optimized by using 
specific crosslinkers as aluminates, silic acid alkali salt, 
silica and / or alumosilicates . Base polymer as used in this in- 
vention refers to hydrogel forming polymer which shows preferably 
5 no surface crosslinking and only some internal crosslinking . Base 
polymer shows preferably high CRC values of more than 15 g/g. The 
use of aluminate compounds of the formula M n [H2 n +2Al n 0 3n+ i] , in 
which M is potassium or sodium and n is a whole number between 1 
and 10, for preparing mechanically stable ionically crosslinked 

10 hydrogels is described in W099/55767. WO 00/31157 teaches the ad- 
dition of a silicic acid alkali salt of the formula M 2 0 x n Si0 2 
to the polymerization reaction mixture. In said formula is M an 
alkali metal and n is a number between 0,5 and 4. WOO 1/68156 is 
reporting from the addition of alumosilicates to the 

15 polymerization reaction mixture. 

In a further preferred embodiment the base polymer used in pre- 
sent invention shows no additional surface crosslinking. After 
the coating with polyamines, said base polymer shows the 

2 0 properties as a high crosslinked superabsorbent polymer, despite 

being low crosslinked. This enables the resulting product to ab- 
sorb high amounts of body fluids and having low rewet at the same 
time. The absorption capacities of the new absorbent material are 
very high, and the acquisition behavior is excellent. 

25 

Thus, the present invention concerns (a) absorbent material con- 
sisting of superabsorbent particles with a shell, and (b) to com- 
posites comprising such an absorption material. 

3 0 In one aspect of (a) , the present invention concerns absorbent 

material comprising of absorbent particles with a shell exhibi- 
ting improved performance. The new superabsorbent particles show 
a CRC of at least 2 4 g/g and a Pressure Absorbency Index of less 
than 12 0. Furthermore the superabsorbent material according to 
35 the invention shows a ratio of AUL (0,01 psi) to AUL> (0,90 psi) 
of more than 2,0, preferred of more than 2,5, especially prefer- 
red of more than 3,0 and most preferred of more than 3,5. 

In another aspect of (a) , the present invention concerns absor- 

4 0 bent structures having improved permeability. Said structures of 

extremely high permeability can be obtained by polymers, which 
fulfil special criterias in CRC and Gel Bed Permeability. Thus, 
superabsorbent particles of extremely high permeability show a 
CRC of at least 18 g/g and a Gel Bed Permeability of more than 
45 800. 
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In yet another aspect of (a) , the present invention concerns 
superabsorbent fines with a crosslinked shell of cationic poly- 
mer, which don't have the disadvantages mentioned above. Said 
coated fines exhibit the same performance as superabsorbent mate- 
5 rial with normal particle size distribution even after repeated 
dosages and show additional the benefits in acquisition behavior 
and rewet at the first application of aqueous solution. Products 
with such an absorption profile are very interesting even for the 
incontinence problem, where in between a short time highest 
10 amounts of body fluids are applied. 

Coated fines show high acquisition rates and excellent rewets, 
caused by the high surface area they are offering and their hig- 
her number of smaller particles, compared to conventional super - 

15 absorbents. The fluid transmission or permeability is improved. 
Using superabsorbent fines as base polymer, the new coated super- 
absorbent fines show no gel-blocking. Further the new products 
have the ability for trickling and are therefore very comfortable 
in handling. Therefore they are preferably used for applications 

20 in absorption of aqueous solutions e.g. in medical care, enginee- 
ring and construction, in agriculture or as food packaging and 
storage and protective against fire. 

Generally and independent of particle size, it is possible, to 
25 prepare superabsorbent s which show improved performance by adhe- 
sively coating the superabsorbent polymer particle with a cross- 
linked surface of polyamine, and behave therefore as high cross- 
linked superabsorbent s within the absorbent core, that is, the 
absorbent core shows excellent permeability and therefore excel - 
30 lent accjuisition times, and at the same time the new super- 
absorbent particles exhibit high absorption capacities and impro- 
ved rewet. 

Further it has been surprisingly found, that manufacturing compo- 
35 sites comprising superabsorbent particles with crosslinked poly- 
amine-coated shell leads to absorbent structures of high permea- 
bility and absorption capacities as well as of improved acquisi- 
tion behavior. Composites of the state of the art comprising on 
the one hand low crosslinked superabsorbent particles, which show 
40 excellent rewet, but exhibit - especially using higher concentra- 
tions of superabsorbent s - high acquisition times, or on the 
other hand high crosslinked superabsorbent particles, which show 
good acquisition behavior, but high rewets, caused by their low 
absorption capacities.. 
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Therefore, in one aspect of (b) , the present invention concerns 
composites comprising superabsorbent particles with a shell . Said 
composites are able to combine features such as fast acquisition 
and excellent rewet . Therefore it is possible, to incorporate 
5 higher amounts of the new coated superabsorbent within the 

composite, without disadvantages in performance of the absorbent 
core. Thus according to the present invention, the composites 
containing more than 3 0% by weight, preferably more than 4 0% by 
weight, especially preferred more than 5 0% by weight and most 
10 preferred more than 60% by weight superabsorbent particles with 
crosslinked polyamine shell. Composites made thereof exhibit an 
excellent dry- and wet- integrity. 

Said absorbent composite comprises a relatively high concentra- 
15 tion of high-absorbency material uniformly distributed to hold 
the whole amounts of discharged body fluids but which absorbent 
structure is stable and affixed to a matrix and cannot be deta- 
ched by mechanical forces . 

20 Surprisingly it has been further found, that manufacturing air- 
laids as a continuous sheet on a conventional papermaking appara- 
tus, it is possible to incorporate more than 30% by weight, pre- 
ferably more than 4 0% by weight, more preferred more than 5 0%, 
especially preferred more than 60%, higher preferred more than 

25 70% and most preferred more than 8 0% by weight superabsorbent 

particles, and less than 70% by weight, preferably less than 60% 
by weight, more preferred less than 5 0% by weight, especially 
preferred less than 40%, higher preferred less trian 30% by weight 
and most preferred less than 20% by weight of other fibers, adhe- 

30 sives, or fillers, such as cellulosic or wood fluff fibers, 
thermoplastic fibers, adhesives, fillers, and other additives. 
The new sheet materials can be manufactured having new and unex- 
pected structural integrity with little or no shakeout or loss of 
superabsorbent particles during or after manufacture. 

35 

Therefore, in another aspect of (b) , the present invention con- 
cerns air-laids containing the above polyamine coated super- 
absorbent material exhibiting exceptional water absorption and 
retention properties. In addition, the sheet materials have an 

40 ability to absorb liquids quickly, demonstrate good fluid permea- 
bility and conductivity into and through the superabsorbent par- 
ticles, and have a high gel strength such that the hydrogel for- 
med from the superabsorbent particles, upon hydration, resists 
deformation under an applied stress or pressure, when used alone 

45 or in a mixture with other water-absorbing resins. Air-laids made 
thereof exhibit an excellent dry- and wet-integrity. 
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It is possible to produce air-laids comprising highest amounts of 
superabsorbent particles with crosslinked polyamine-coated shell. 

In a preferred embodiment of the present invention, it has been 
5 found that heating a resin for a sufficient time at a sufficient 
temperature above the Tg (glass transition temperature) of the 
resin improves the absorption properties of the resin. 

In accordance with one important embodiment of the present inven- 
10 tion, it has been found that when a layer of the polyamine coated 
superabsorbent particles is heated to at least about 50°C during 
sheet material manufacture (e.g., by a heated pressure roll or 
oven) , not only are the absorption properties improved, but the 
particles are strongly adhered to any fiber or filler contained 
15 in the sheet material so that there is little to no loss of 

superabsorbent particles during manufacture and handling. Thus, a 
sheet material having less than 40% by weight non-SAP fiber, and 
without added adhesive, has new and unexpected structural inte- 
grity, for the above-described uses, particularly diaper cores. 



The formation of absorbent members from said absorbent composites 
enables a production of improved skin feel personal care 
products . The improved products show good absorbency, good 
strength and high flexibility and thinness. The improved products 
25 exhibit excellent permeability by unchanged absorption profile. 
Absorbent members containing the inventive composites exhibit 
highest absorption rate and absorption capacity without tendency 
to gelblocking. 

30 A. The invention is directed to superabsorbent particles with a 
shell. Said superabsorbent particles comprise of hydrogel- 



20 



forming polymer, and said shell comprises of a cationic poly- 
mer crosslinked by the addition of crosslinker and adhered to 
said superabsorbent particles. The hydrogel-f orming polymer 



35 



particles are coated preferably with about 0.01% to about 5% 
by weight of the cationic polymer, preferably with about 0.2% 
to about 4% by weight of the cationic polymer, most preferred 
0.75 to 1.25 w%, i.e. 0.8, 0.85, 0.9, 0.95, 1.0, 1.05, 1.1, 



40 



1.15, 1.2 w% . The hydrogel-f orming polymer has a residual 
water content of less than 10w% at the time of the 
application of the shell. 



45 



In a preferred embodiment of the present invention the base 
polymers are crosslinked with aluminate, silicic acid alkali 
salt or alumosilicate compounds. 
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The invention also is directed to a method of making super- 
absorbent particles with a shell, characterized in that it 
comprises: 

(a) preparing a solution containing water, optionally a wet- 
ting agent, a cationic polymer and a crosslinker 

(b) applying an amount of said solution onto a plurality of 
absorbent hydrogel- forming polymer particles with a resi- 
dual water content of less than 10 w% 

(c) drying said coated polymer particles at temperatures of 
no more than 150°C. 

Preferably to a method for making super absorbent particles 
with a shell wherein the wetting agent is a hydrophilic 
organic solvent, wherein the ratio of organic solvent to 
water in the reaction mixture is less than 50:50, more prefe- 
rably to a method for making superabsorbent particles with a 
shell wherein the wetting agent is an alcohol, as e.g. 
propylene glycol and to superabsorber particles with a shell 
prepared by said methods . 

The invention also is directed to a method of making an ab- 
sorbent core of an absorption material comprising such super- 
absorbent particles. Said hygienic products exhibit improved 
acquisition rates. 

A.l.In the first aspect of (A) the present invention is directed 
to above mentioned superabsorbent particles showing a CRC of 
at least 24 g/g, i.e. at least 24.5, 25 or 25.5 g/g, prefer- 
red of at least 26 g/g, , i.e. at least 26.5, 27 or 27.5 g/g, 
especially preferred of at least 28 g/g, i.e. at least 28.5, 
29 or 29.5 g/g, and most preferred of at least 30 g/g, i.e. 
at least 30.5, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 g/g or 
more. The superabsorbent particles show preferrably a Pres- 
sure Absorbency Index PAI of less than 120 or less than 115, 
110, or 105, preferred of less than 100, or less than 95, 90, 
85, or 80 or even less. In a preferred embodiment the super- 
absorbent particles show a combination of the preferred CRC 
and PAI values. The superabsorbent particles show preferred a 
ratio of AUL (0,01 psi) to AUL (0,90 psi) of more than 2.0, 
i.e. 2.1, 2.2, 2.3, 2.4, preferred of more than 2.5, i.e. 
2.6, 2.7, 2.8, 2.9, especially preferred of more than 3.0, 
i.e. 3.1, 3.2, 3.3, 3.4, and most preferred of more than 3.5, 
i.e. 3.6, 3.7, 3.8, 3.9, 4.0 and even more. More preferred is 
a combination of the AUL ratio with the above given values of 
CRC and/ or PAI. 
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A. 2. In the second aspect of (A) the present invention is 

directed to above mentioned superabsorbent particles show ex- 
tremely high permeability. Said superabsorbent particles of 
high permeability are obtained using polymers with CRC of at 
5 least 18 g/g, preferably of at least 20 g/g, especially pre- 

ferred of at least 22 g/g or the above mentioned CRC values 
and a Gel Bed Permeability of more than 800, i.e 810, 820, 
830, 840, 850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 
950, 960, 970, 980, 990, preferably of more than 1000, i.e. 
10 1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, 1090, 1100, 

1110, 1120, 1130, 1140, 1150, 1160, 1170, 1180, 1190, more 
preferred of more than 1200, i.e. 1210, 1220, 1230, 1240, 
1250, 1260, 1270, 1280, 1290, 1300, 1310,. 1320, 1330, 1340, 
1350, 1360, 1370, 1380, 1390, 1400, 1410, 1420, 1430, 1440, 
15 1450, 1460, 1470, 1480, 1490, especially preferred of more 

than 1500 i.e. 1510, 1520, 1530, 1540, 1550, 1560, 1570, 
1580, 1590, 1600, 1610, 1620, 1630, 1640, 1650, 1660, 1670, 
1680, 1690, 1700, 1710, 1720, 1730, 1740, 1750, 1760, 1770, 
1780, 1790, 1800, 1810, 1820, 1830, 1840, 1850, 1860, 1870, 
20 1880, 1890, 1900,. 1910, 1920, 1930, 1940, 1950, 1960, 1970, 

1980, 1990 and most preferred of more than 2000. More prefer- 
red is a combination of the permeability with the above given 
values of AUL and/or PAI . 

25 A. 3. The third aspect of (A) of the present invention is directed 
to superabsorbent particles with a shell made from hydrogel- 
forming polymer fines, called within the invention sometimes 
just superabsorbent fines. This new superabsorbent fines show 
a Vortex Time of less than 30 s. 80 % of said superabsorbent 
fines have particle sizes of smaller than 400 (im. The inven- 
tion further provides the application of such new super- 
absorbent fines e.g. in medical care, engineering and con- 
struction, in agriculture or as food packaging, storage and 
protective against fire. Said coated fines exhibit improved 
35 acquisition rates. 



30 



In a preferred embodiment of the third aspect of (A) , the new 
superabsorbent fines show a 

40 - Vortex Time of less than 25 s, 

preferred of less than 2 0 s, 
especially preferred of less than 15 s, 
and most preferred of less than 10 s, 

45 - and/or a particle size distribution, wherein 

80 % are smaller than 400 ^in, 90 % are smaller than 400 
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preferred 80 % are smaller than 300 [xm, 90 % are smaller 
than 300 |om, 95 % are smaller than 300 \im, 
especially preferred 80 % are smaller than 250 \xm, 90 % 
are smaller than 250 |_im, 95 % are smaller than 250 \Xm 
and most preferred 80 % are smaller than 200 \Jtm, 90 % are 
smaller than 2 00 fini, 95 % are smaller than 200 Mm. 

B. The new above mentioned superabsorbent particles of indepen- 
dent particle sizes are preferably used in an absorbent core. 
The invention is therefore also directed to an absorbent core 
comprising such an absorption material. The following aspects 
of the invention are given to eluciadte the invention, but 
should not be used to limit the scope of the invention. 

B.l.In the first aspect of (B) , the invention is directed to com- 
posites from superabsorbent particles with a shell, prefera- 
bly a crosslinked polyamine shell, exhibiting improved per- 
formance. Said composites including more than 30% by weight, 
of superabsorbent particles with crosslinked polyamine shell. 
Said superabsorbent particles showing a CRC of at least 24 
g/g, preferred of at least 26 g/g, especially preferred of at 
least 28 g/g and most preferred of at least 30 g/g and addi- 
tional a Pressure Absorbency Index PAI of less than 120, pre- 
ferred of less than 100. 

In a preferred embodiment the superabsorbent particles for 
the intended use in a composite show a CRC of at least 2 4 
g/g# preferably of at least 26 g/g, especially preferred of 
at least 28 g/g and most preferred of at least 30 g/g and 
additional a Pressure Absorbency Index of less than 120, pre- 
ferred of less than 100 and at the same time a ratio of AUL 
(0,01 psi) to AUL (0,90 psi) of more than 2,0, preferred of 
more than 2,5, especially preferred of more than 3,0 and most 
preferred of more than 3,5. 

The composites containing more than 3 0% by weight, preferably 
more than 4 0% by weight, especially preferred more than 50% 
by weight and most preferred more than 60% by weight of 
superabsorbent particles with a .shell, preferably a cross- 
linked polyamine shell, exhibiting a high CRC. 

In a preferred embodiment of the first aspect of (B) the in- 
vention is directed to air-laids from said superabsorbent 
particles with a shell, preferably a crosslinked polyamine 
shell, exhibiting improved performance. Said air-laids are 
sheet materials including more than 3 0% by weight of super- 
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absorbent particles with crosslinked polyamine shell exhibi- 
ting a high CRC . 

According to the present invention, the air-laids containing 
more than 3 0% by weight, preferably more than 40% by weight, 
more preferred more than 5 0% especially preferred more than 
60%, higher preferred more than 70% and most preferred more 
than 8 0% by weight of superabsorbent particles with a shell, 
preferably a crosslinked poly amine shell, exhibiting a high 
CRC. 

B.2.In the second aspect of (B) , the invention is directed to 

composites from above mentioned superabsorbent particles with 
a shell, preferably a crosslinked polyamine shell, exhibiting 
high permeability. Said composites including more than 3 0% by 
weight, of superabsorbent particles with a shell. Said super- 
absorbent particles of high permeability are selected from 
coated superabsorbents with CRC of at least 18 g/g, prefera- 
bly of at. least '20 g/g, especially preferred of at least 22 
g/g and a Gel Bed Permeability of more than 80 0, preferably 
of more than 1000, more preferred of more than 1200, espe- 
cially preferred of more than 15 00 and most preferred of more 
than 2000. The composites are used for example as absorbent 
core in personal care products . 

The composites containing more than 3 0% by weight, preferably 
more than 40% by weight, especially preferred more than 50% 
by weight and most preferred more than 60% by weight of 
superabsorbent particles with a shell, preferably a cross- 
linked polyamine shell, exhibiting high permeability. 

In a preferred embodiment of the second aspect of (B) the 
invention is directed to air-laids from superabsorbent parti- 
cles with a shell, preferably a crosslinked polyamine shell, 
exhibiting high permeability. Said air-laids are sheet 
materials including more than 3 0% by weight of superabsorbent 
particles with a shell exhibiting high permeability. 

According to the present invention, the air-laids containing 
more than 3 0% by weight, preferably more than 4 0% by weight, 
more preferred more than 5 0% by weight, especially preferred 
more than 60% by weight, higher preferred more than 70% by 
weight and most preferred more than 80% by weight of super- 
absorbent particles with a shell exhibiting high permeabi- 
lity. 



WO .03/043670 



PCT/EP02/12808 



21 

B.3. In the third aspect of (B) , the invention is directed to com- 
posites from above mentioned hydrophilic superabsorbent fines 
with a shell, preferably a crosslinked polyamine shell, with 
improved acquisition rates. Said composites including more 
than 30% by weight, of hydrophilic superabsorbent fines with 
a shell. Said superabsorbent fines show a Vortex Time of less 
than 30 s. 80 % of said superabsorbent fines have particle 
sizes of smaller than 400 Jim. 

In a preferred embodiment said superabsorbent fines for the 
intended use in a composite show a 

Vortex Time of less than 25 s, 
preferred of less than 20 s, 
especially preferred of less than 15 s, 
and most preferred of less than 10 s, 

and a particle size distribution, wherein 

80 % are smaller than 400 fim, 90 % are smaller than 400 

pin, 95 % are smaller than 400 Jim, 

preferred 80 % are smaller than 3 00 pm, 90 % are smaller 
than 300 Jim, 95 % are smaller than 300 fim, 
especially preferred 80 % are smaller than 2 50 jxm, 90 % 
. are smaller than 250 (Jm, 95 % are smaller than 250 pin 

and most preferred 8 0 % are smaller than 2 00 pin, 90 % are 
smaller than 200 \xia f 95 % are smaller than 200 |um. . 

The composites containing more than 3 0% by weight, preferably 
. more than 40% by weight, especially preferred more than 50% 
by weight and most preferred more than 60% by weight of 
hydrophilic superabsorbent fines with a shell. 

In a preferred embodiment of the third aspect of (B) the in- 
vention is directed to air-laids from hydrophilic super- 
absorbent fines with a shell, preferably with a crosslinked 
polyamine shell. Said air-laids are sheet materials including 
more than 3 0% by weight of hydrophilic superabsorbent fines 
with a shell . 

According to the present invention, the air-laids containing 
more than 3 0% by weight, preferably more than 4 0% by weight, 
more preferred more than 50% especially preferred more than 
60%, higher preferred more than 70% and most preferred more 
than 8 0% by weight of hydrophilic superabsorbent fines with a 
shell. 
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In a preferred embodiment of the present invention composites or 
air-laids containing super absorbent particles with a shell, pre- 
ferably with a crosslinked polyamine shell, that show a Perfor- 
mance Parameter PP ( = Rewet-Number x Acquisition Time) of less 
5 than 1500, or less than 1450, 1400, 1350, 1300, 1250, 1200, 1150, 
1100, 1150, preferred of less than 1000, or less than 950, 900, 
850, 800, 750, 700, 650, 600, 550, and especially preferred of 
less than 500. 

10 The invention also relates to the application of said composites 
or air-laids as absorbent cores on the hygienic sector. Said hy- 
gienic products exhibit improved dry- and wet-integrity as well 
as improved permeability, acquisition behavior and rewet . The 
composites of the present invention have an excellent smooth feel 

15 in a relatively thin absorbent structure with unexpectedly high 
loadings of super absorbent polymers and can be manufactured wi- 
thout glue fiber or binder while providing excellent structural 
integrity with little to no shakeout or loss of super absorbent 
particles from the composite. 

20 

The present invention further provides the application of said 
coated hydrogel- forming particles as absorption core in personal 
care products. Said hygienic products exhibit improved acquisi- 
tion rates. The inventive superabsorbent particles with a shell 
25 show compared to particles without a shell an improvement of 

acquisition rate on the secondary, tertiary and quartary insult 
of mor than 10 %, preferred more than 50 %, more preferred more 
than 100 % and more, if compared with such state of the art 
particles with similar CRC and or SFC. 

30 

Superabsorbent particles 

Superabsorbent polymer particles are lightly crosslinked polymers 
capable of absorbing several times their own weight in water and/ 

35 or saline. Superabsorbent polymer particles can be made by any 
conventional process for preparing superabsorbent polymers and 
are well known to those skilled in the art. Suitable process for 
preparing superabsorbent polymer particles include the processes 
described in U.S. Pat. Nos. 4,076,663; 4,286,082; 4,654,039 and 

40 5,145,906 which describe the solution polymerization method and 
U.S. Pat. Nos. 4,340,706; 4,497,930; 4,666,975; 4,507,438 and 
4,683,274 which describe the inverse suspension polymerization 
method, the disclosures of which are hereby incorporated by refe- 
rence . 

45 
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Superabsorbent polymer particles useful in the present invention 
are prepared form one or more monoethylenically , unsaturated, 
water soluble carboxyl or carboxylic acid anhydride containing 
monomers and the alkali metal and ammonium salts thereof wherein 
said monomers comprise 50 to 99.9 mole percent of said polymer. 
Exemplary monomers include acrylic acid, methacrylic acid, maleic 
acid, fumaric acid, maleic anhydride and the sodium, potassium 
and ammonium salts thereof. The preferred monomer is acrylic 
acid. 

a) Superabsorbent forming monomer 



Superabsorbent forming monomer, as used herein, referred to poly- 
mer iz able compounds which, contribute to the absorbency of the 

15 polymers formed therefrom. Suitable superabsorbent forming 
monomers useful in the present invention include mono- 
ethylenically unsaturated compounds (or compounds having a poly- 
merizable double bond), having at least one hydrophilic radical, 
such as carboxyl, carboxylic acid anhydride, carboxylic acid 

20 salt, sulfonic acid, sulfonic acid salt, hydroxyl , ether, amide, 
amino or quaternary ammonium salt groups . Examples of suitable 
superabsorbent forming monomers are as follows : 

1. Carboxyl group-containing monomers: monoethylenically unsatu- 
25 rated mono- or polycarboxylic acids, such as (meth) acrylic 

acid (meaning acrylic acid or methacrylic acid. Similar nota- 
tions are used hereinafter) , maleic acid, fumaric acid; cro- 
tonic acid, sorbic acid, itaconic acid, and cinnamic acid. 

30 2. Carboxylic acid anhydride group-containing monomers: mono- 
ethylenically unsaturated polycarboxylic acid anhydrides 
(such as maleic anhydride) ; 

3. Carboxylic acid salt-containing monomers: water-soluble salts 
35 (alkali metal salts, ammonium salts, amine salts, etc.) of 

monoethylenically unsaturated mono- or polycarboxylic acids 
[such as sodium (meth) acrylate, trimethylamine (meth) acrylate, 
triethanolamine (meth) acrylate, sodium maleate, methylamine 
maleate] ; 

40 

4. Sulfonic acid group— containing monomers: aliphatic or aroma- 
tic vinyl sulfonic acids (such as vinylsulf onic acid, allyl 
sulfonic acid, vinyl toluenesulf onic acid, styrene sulfonic 
acid), (meth) acrylic sulfonic acids [such as sulfopropyl 

45 (meth) acrylate, 2 -hydroxy- 3- (meth) acryloxy propyl sulfonic 

acid] ; 
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5. Sulfonic acid salt group-containing monomers: alkali metal 
salts, ammonium salts, amine salts of sulfonic acid group- 
containing monomers as mentioned above. 

5 6. Hydroxyl group-containing monomers: monoethylenically unsatu- 
rated alcohols [such as (meth) allyl alcohol], mono- 
ethylenically unsaturated ethers or esters of polyols 
(alkylene glycols, glycerol, polyoxyalkylene polyols) , such 
as hydr oxy e thyl (meth) aery late , hydroxypropyi (meth) acrylate , 
10 triethylene glycol (meth) acrylate, poly (oxye thyl ene oxypropy- 

lene) glycol mono (meth) allyl ether (in which hydroxyl groups 
may be etherified or esterified) . 

7. Amide group-containing monomers: vinylf ormamide , (meth) acryl - 
15 amide, N-alkyl (meth) a cry 1 amides (such as N-me thyl acryl ami de , 

N-hexylacryl amide) ,. N, N-dialkyl (meth) acrylamides (such as 
N,N-dimethylacrylamide, N, N-di-n-propyl acryl amide) , N-hydro- 
xyalkyl (meth) acrylamides [such as N-me thyl ol (meth) acryl- 
amide, N-hydr oxye thyl (meth) acrylamide] , N, N-dihydroxyalkyl 
20 (meth) acrylamides [such as N, N-dihydr oxye thyl (meth) acryl- 

amide] , vinyl lactams (such as N-vinylpyrrolidone) ; 

8 . Amino group-containing monomers : amino group-containing 

esters (e.g. dialkylaminoalkyl esters, dihydroxyalkylaminoal- 
25 kyl esters, morpholinoalkyl esters, etc.) of mono- 

ethylenically unsaturated mono- or dicarboxylic acid [such as 
dimethylaminoethyl (meth) acrylate, die thyl ami no ethyl 
(meth) acrylate, morpho lino ethyl (meth) acrylate, dimethyl 
aminoethyl fumarate] , heterocyclic vinyl compounds [such as 
30 vinyl pyridines (e.g. 2-vinyl pyridine, 4-vinyl pyridine, N— 

vinyl pyridine), N-vinyl imidazol] ; and 

9. Quaternary ammonium salt group- containing monomers: N,N,N- 
trialkyl-N- (meth) acryl oyloxyalkylammonium salts [such as 
35 N,N, N-t rime thyl -N- (meth) a cryloyl oxy ethyl ammonium chloride, 

N,N,N-triethyl-N- (meth) a cryloyl oxy ethyl ammonium chloride, 
2-hydroxy-3- (meth) acryl oyloxypropyl trimethyl ammonium chlo- 
ride] , and monomers as mentioned in British patent specifica- 
tion No. 1, 034, 296 . 

40 

Suitable monomers which become water-soluble by hydrolysis, for 
use in this invention instead of or in conjunction with the wa- 
ter-soluble monomers, include monoethylenically unsaturated 
compounds having at least one hydrolyzable group, such as esters, 
45 amide and nitrile groups. Such monomers having an ester group 
include for example, lower alkyl (C1-C4) esters of mono- 
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acrylate, ethyl (meth) acrylate and 2-ethylhexyl (meth) acrylate; 
and esters of monoethylenically unsaturated alcohols [vinyl 
esters, (meth) -allyl ester, etc.], such as vinyl acetate and 
(meth) allyl acetate. Suitable nitrile group-containing monomers 
5 include (meth) acrylonitrile . 

Among these monomers having a polymerizable double bond which are 
water-soluble or become water-soluble by hydrolysis, water-solu- 
ble monomers which do not need hydrolysis after polymerization 
10 are preferred from the viewpoint of providing an easy process for 
producing water-absorbing resins. Further, from the viewpoint of 
providing water-absorbing resins having higher water-absorbance, 
the preferred water-soluble monomers are carboxyl group-contai- 
ning monomers such as (meth) -acrylic acid and maleic acid 

15 anhydride; carboxyl acid salt group-containing monomers such as 
sodium (meth) acrylate, trimethyl amine (meth) acrylate and tri- 
ethanolamine (meth) acrylate , and quaternary ammonium salt group- 
containing monomers such as N, N, N- 1 rime thy 1-N- (meth) acryloyloxye- 
thylammonium chloride. Most preferred super absorbent forming 

20 monomers in the present invention include, for example, acrylic 
acid, methacrylic acid, maleic acid, fumaric acid, crotonic acid, 
sorbic acid, itaconic acid, cinnamic acid, vinyl sulfonic acid, 
allyl sulfonic acid, vinyl toluene sulfonic acid, styrene 
sulfonic acid, sulfo (meth) acrylate, sulfopropyl (meth) acrylate , 

25 2-acrylamid-2-methylpropane sulfonic acid, 2-hydroxy- 

ethyl (meth) acryloylphosphate , phenyl-2-acryloyloxyethylphosphate, 
the sodium, potassium and ainmonium salts thereof, maleic 
anhydride and combinations thereof. It is also preferred that the 
superabsorbent forming monomer in the sprayable blend is at least 

30 partially neutralized, preferably neutralized to a level of from 
1 to 10 0 mole percent, more preferably from 10 to 8 0 mole per- 
cent, and most preferably from 15 to 75 mole percent. Most prefe- 
rably, the superabsorbent forming monomer is neutralized acrylic 
acid. 

35 

Hydrogel-forming polymers are preferably polymers from (co) poly- 
merized hydrophilic monomers, grafted (co)polymers of one or more 
hydrophilic monomers onto suitable basic compounds, crosslinked 
cellulosic- or starchethers , crosslinked carboxymethylcellulose , 
40 partial crosslinked polyalkyleneoxide or water absorbing natural 
compound as for example guar derivatives, carrageenane and algi- 
nates. 

Basic compounds for grafting can be of synthetical or naturel 
45 origin. Examples are starch, cellulose and derivatives thereof, 
polysaccharides and oligosaccharides, polyvinylalcohol , polyalky- 
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polyamines, polyamides , hydrophilic polyesters, galactomannans, 
guar derivatives and alginates . 

Preferred copolymer materials for use as superabsorbent hydrogel- 
5 forming material possess acidic functional groups (e.g. 

carboxylic groups) . Most of them are present in form of their 
salts (e.g. alkali- or ammonium salts), because of their excel- 
lent swelling behavior in presence of water. 

10 Suitable monomers and (co) monomers are those listed above. Pre- 
ferred are polymerizable , unsaturated, acid-containing monomers. 
Such monomers include the olefinically unsaturated acids and an- 
hydrides that contain at least one carbon to carbon olefinic 
double bond. Preferably these monomers can be selected from ole- 

15 finically unsaturated carboxylic acids and acid anhydrides, ole- 
finically unsaturated sulfonic and phosphonic acids, and mixtu- 
res thereof. 

Examples for olefinically unsaturated carboxylic acid and 
20 carboxylic acid anhydride monomers are monoe thyl eni cal ly unsatu- 
rated C3- to C25- carboxylic acids or anhydrides as acrylic acid, 
methacrylic acid, ethacrylic acid, a-chloroacrylic a.cid, a-cya- 
noacrylic acid, P-methacryl ic acid (crotonic acid) , oc~phenyl acry- 
lic acid, P-acryloxypropionic acid, sorbic acid, a-chlorosorbic 
25 acid, angelic acid, cinnamic acid, p-chlorocinnamic acid, P-stea- 
rylacrylic acid, maleic acid, maleic acid anhydride, itaconic 
acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic 
acid, furnaric acid, tricar boxy ethylene and maleic acid anhydride. 

30 Examples for olefinically unsaturated sulfonic acid and 

phosphonic acid monomers include aliphatic or aromatic vinyl 
sulfonic acids such as vinylsulf onic acid, allyl sulfonic acid, 
vinyl toluene sulfonic acid and styrene sulfonic acid; acrylic 
and methacrylic sulfonic acid such as sulfoethyl acrylate, sulf o- 

35 ethyl methacrylate, sulfopropyl acrylate, sulfopropyl meth- 
acrylate, styrene sulfonic acid, 2-hydroxy-3-acryloxypropyl 
sulfonic acid, 2-hydroxy-3-methacryloxypropyl sulfonic acid, 
2-acrylamide-2-methylpropane sulfonic acid; vinylphosphonic acid, 
allylphosphonic acid and mixtures thereof. 

40 

Preferred monomers are acrylic acid, methacrylic acid, vinylsul- 
fonic acid, 2-acrylamide--2-methylpropane sulfonic acid and mixtu- 
res thereof, such as mixtures of acrylic acid and methacrylic 
acid, mixtures of acrylic acid and 2-acrylamide-2-methylpropane 
45 sulfonic acid or mixtures of acrylic acid and vinylsulf onic acid. 
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For improvement of the absorption profile it may be better to add 
monoethylenically unsaturated non-acid monomers which are able to 
form copolymers from mixtures with the foregoing mentioned acidic 
monomers. Those are for example amides or nitriles of mono- 
5 ethylenically unsaturated carboxylic acids such as acrylamide, 
me t ha cry 1 ami d e , N- vinyl f o rmami de , N-vi ny 1 ac e t ami de , N-me thy 1 -vi- 
nyl ace tamide , acrylonitrile, methacryloni trile . Further vinyl- 
ester of saturated Ci- to C4~carboxylic acids such as vinylfor- 
miate , vinylacetate . v i ny Ipr op i ona t e ; alkyl vinyletherical 

10 compounds with at least 2 C-atoms within the alkyl-group such as 
ethyl vinylether, butyl vinylether; esters of monoethylenically 
unsaturated C3- to Ce-carboxylic acids such as esters from primary 
Ci~ to Cis-alcoholes and acrylic acid, methacrylic acid or maleic 
acid/ half esters of maleic acid such as maleic acid monomethyle- 

15 ster, N-vinyl lac tames such as N-vinylpyrrolidone or N-vinylcapro- 
lactame, acrylic acid- or methacrylic acidesters of alkoxylated 
primary saturated alcoholes such as alcoholes with 10 to 25 di- 
atoms which are reacted with 2 to 2 00 mol ethyl enoxide and / or 
propyl enoxide per mole alcohole, monoacrylic acidesters and mono- 

20 methacrylic acidesters of polyethyleneglykole or polypropyleneg- 
lykole up to molecularweights of 2000. Further monomers are 
styrene and alkylsubstituted styrene compounds such as ethylsty- 
rene or tert . -butylstyrene . 

25 The non-acid monomers are present in said mixtures in contents 
from 0 to 5 0 w% , preferably lower than 2 0 w% . 

In an especially preferred embodiment (co) polymers and / or graft 
(co) polymers from acrylic acid and maleic anhydride are used. 
30 Preferred are not-crosslinked water soluble or water dispersible 
polymers with molecularweights from 1 200 up to 250 000 g/mole . 
Possible comonomers are all monomers which can polymerise with 
acrylic acid and / or maleic acid. 

35 Grafted copolymers include hydrolized starch-acryloni trile graft 
copolymers, partially neutralized hydrolized starch-acrylo- 
ni trile graft copolymers, starch-acrylic acid graft copolymers, 
partially neutralized starch-acrylic acid graft copolymers, sapo- 
nified vinyl acetate-acrylic ester copolymers, hydrolized acrylo- 

40 nitrile or acrylamide copolymers. These polymers may be used ei- 
ther independently or in the form of a mixture of two or more 
monomers, compounds or the like. 

45 
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b) • Crosslinking compounds 

Monoethylenically , unsaturated monomers are polymerized in the 
presence of an internal crosslinking compound to provide a 
5 lightly crosslinked base polymer wherein the crosslinking is sub- 
stantially uniform throughout the polymer particles. These inter- 
nal crosslinkers are well known in the art. Suitable crosslinkers 
are those compounds having two or more groups capable of reacting 
with the monoethylenically unsaturated monomers and which are at 

10 least partially water soluble or water dispersible, or at least 
partially soluble or dispersible in an aqueous monomer mixture. 
The internal crosslinking compound may be selected form a polyun- 
saturated monomer such as divinylbenzene , a compound having at 
least two functional groups which are reactive with the mono- 

15 ethyl enically unsaturated monomer such as ethyl endi amine, a 

compound having at least one unsaturated bond and at least one 
reactive functional group such as glycidyl acrylate . 

Preferred crosslinkers are described in WO01/6815 6 which is in- 
20 cooperated by reference. Especially preferred are: tetraallylo- 
xyethane, N, N ' -methylene bisacrylamide, N , N 7 -methylene bismetha- 
crylamide, triallylamine , trimethylol propane triacrylate, 
glycerol propoxy triacrylate, divinylbenzene, N-methylol acryl- 
amide, N-methylol methacrylamide, glycidyl methacrylate, poly- 
25 ethylene polyamines , ethyl diamine, ethyl glycol, glycerine and 
the like. Preferred internal crosslinking monomers are those con- 
taining at least two allyl groups, most preferably three or four 
allyl groups. Preferred internal crosslinkers are tetraallyloxye- 
thane and triallyl ether of pentaerythritol . The amount of inter- 
3 0 nal crosslinker employed in the invention will depend on the in- 
ternal crosslinker and the polymerization method. Generally the 
amount of internal crosslinker will vary from about 0.005 to ab- 
out 1.0 mole percent based on moles of ethyl enically unsaturated 
monomer . 

35 

Optional components used in the preparation of the super absorbent 
polymer particles are water soluble hydroxy group containing 
polymers, such as polysaccharides and vinyl or acrylic polymers. 
Examples of water soluble polysaccharides are starches, water so- 

40 luble celluloses and polygalactomannans . Suitable starches inc- 
lude the natural starches, such as sweet potato starch, potatoe 
starch, wheat starch, corn starch, rice starch, tapioca starch 
and the like. Processed or modified starches, such as dialdehyde 
starch, alkyl-etherif ied starch, allyl-etherif ied starch, oxy- 

45 alkylated starch, ami noethyl -ether if ied starch, and cyanomethyl- 
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etherified starch are also suitable. Polyvinyl alcohol and poly- 
vinyl alcohol copolymers are also suitable. 

The water-soluble celluloses useful in this invention are those 
5 obtained from such sources as wood, stems, bast, seed fluffs and 
the like which are then deriviatized to form hydroxyalkyl cellu- 
lose, carboxymethyl cellulose, methyl cellulose and the like. 

Suitable polygalactomannans are guar gum and locust bean gums as 
10 well as their hydroxyalkyl, carboxyalkyl , and aminoalkyl deriva- 
tives. Water soluble vinyl and acrylic polymers include polyvinyl 
alcohol and poly (hydroxye thy 1 acrylate) . The preferred polysac- 
charide for use in this invention is natural starch, such as 
wheat starch, corn starch and alpha starches. These optional pre- 
15 formed hydroxy containing polymers may be used in an amount from 
about 1 to 15 percent, preferably about 1 to 10 percent, most 
preferably about 1 to 5 percent. 

In a preferred embodiment the base polymer is optimized by using 
20 aluminates, silica and / or alumosilicates as crosslinkers. Me- 
chanically stable ionic cros si inked hydrogels are prepared using 
aluminate crosslinkers of the formula M n [H 2 n+2Al n 0 3n+ i ] , in which M 
is potassium or sodium and n is a whole number between 1 and 10. 
Further the addition of a silicic acid alkali salt of the formula 
25 M 2 0 x n SiC>2 to the polymerization reaction mixture leads to pre- 
ferred base polymers. In said formula M is an alkali metal and n 
is a number between 0.5 and 4. Also known is the addition of alu- 
mosilicates to the polymerization reaction mixture. Said cross- 
linkers are described in WO 00/31157, WO 99/55767 and W001/68156. 
30 Said patents are incorporated herein by reference. 

c) Polymerization 

The super absorbent polymer particles useful in the present inven- 
35 tion may be prepared by well known polymerization methods. The 
polymerization reaction is conducted by subjecting the aqueous 
reaction mixture to any conventional form of polymerization acti- 
vation irradiation. Radioactive, electronic, ultraviolet or elec- 
tromagnetic radiation are alternative conventional polymerization 
40 techniques. Further the polymerization reaction is conducted in 
the presence of free radical initiator, redox initiators and 
thermal initiators. The redox initiators are combining oxidizing 
compounds with reducing agents . Redox initiators can be used as 
the primary initiator with the thermal polymerization initiators 
45 being used if desired to reduce the free monomer content of the 
final polymerization product below 0,1 percent by weight. Optio- 
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sole initiator system. Examples of different initiator systems 
are found in U.S. Pat. No. 4,497,930 which discloses a two compo- 
nent initiator system comprising a persulfate and a hydroperoxide 
and U.S. Pat. No. 5,145,906 which discloses a three component in- 
5 itiator system; i.e. redox system plus thermal initiator. Prefer- 
red initiators are written in WO01/68156 which is incorporated by 
reference. Especially preferred is the polymerization reaction 
conducted by photoini tiation . 

10 Any of the well known water soluble reducing agents and oxidizing 
agent can be used in this invention as the redox initiator. Exam- 
ples of reducing agents include such compounds as ascorbic acid, 
alkali metal sulfites, alkali metal bisulfites, ammonium sulfite, 
ammonium bisulfite, alkali metal hydrogen sulfite, ammonium hy- 

15 drogen sulfite, ferrous metal salts, e.g. ferrous sulfates, su- 
gars, aldehydes, primary and secondary alcohols, and the like. 

Oxidizing agents include such compounds as hydrogen peroxide, ca- 
prylyl peroxide, benzoylperoxyde, cumene peroxide, tertiary butyl 

20 diperphthalate, tertiary butyl perbenzoate, sodium percarbonate , 
sodium peracetate, alkali metal persulfates, ammonium persulfa- 
tes, alkylhydroperoxides, peresters, diacryl peroxides, silver 
salts, and the like. A particularly preferred redox initiator 
pair is ascorbic acid and hydrogen peroxide. The reducing agent 

25 is used in an amount of about 2 x 10 ~ 5 to about 2 x 10 ~ 2 mole 
percent based on moles of acrylic acid. 

In order to ensure complete polymerization of the unsaturated 
monomer and the cros si inking monomer, a thermal initiator can be 
30 included in the polymerization process. Useful thermal initiators 
are the "azo" initiators, i.e. compounds which contain the -N=N- 
structure. Any of the azo compounds which have solubility in 
water or in a monomer-water mixture and which have an 10 hour 
half life at 30 °C or above can be used. Examples of useful azo 

35 initiators are 2 , 2 ' -azobis (amidino) propane dihydro chloride , 

4, 4 ' -azobis (cyanovaleric acid), 4 , 4 ' -butyl azo-cyanoval eric acid, 
2, 2 '-azobis ( isobutyronitrile) , 2,2 ' -azo- 
bis (2- (2-imidazole-2-yl )) propane dihydro chloride, and the like. 
Other thermal initiators include the persulfates and hydroperoxi- 

40 des when used in the absence of a reducing agent, e.g. sodium, 
potassium and ammonium persulfates, t-butylhydroperoxide and the 
like. A preferred azo initiator for use in this invention is 
2, 2 '-azobis (amidino) propane dihydrochloride . The thermal initia- 
tors are used in the amount of 0 to about 1 mole percent based on 

45 the weight of unsaturated monomer. 
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In the case of photoinitiated polymerization, the polymerization 
is started with photoini tiators . Non-limiting examples for photo- 
initiators are a - decomposing compounds, H - abstracting systems 
as well as azides. Non-limiting examples for said systems are 
5 benzophenone-derivatives as Michler/s ketone, phenanthrene-deri- 
vatives, f lourene-derivatives , anthrachinone-derivatives , thio- 
xantone-derivatives , cumarin-derivatives , benzoin ethers and de- 
rivatives thereof, azo compounds as systems which are building 
radicals mentioned above, substituted hexaaryl-bis imidazoles or 

10 acylphosphinoxides . Non-limiting examples for azids are 2-(N,N- 
dime thy 1 amino) -ethyl-4-azidocinnamate , 2- (N , N-dime thyl a- 
mino) -ethyl-4-azidonaphthylketone, 2- (N, N-dime thyl a - 
mino) -ethyl-4-azidobenzoate, 5-azido-l-naphthyl-2 (N, N- dime thy - 
lamino) -ethyl sulf one , N- (4-sulf onylazidophenyl ) -maleinimide , N- 

15 acetyl-4-sulf onylazidoaniline , 4-sulf onylazidoaniline , 4-azidoa- 
niline , 4-azidophenacylbromide , p-azidobenzoeic acid, 
2 , 6-bis (p-azidobenzylidene) -cyclohexanone and 2 , 6-bis (p-azidoben- 
zyl i dene ) -4-me thyl cyclohexanone. Photoinitators are used in 
amounts of 0,01 to 5 % by weight based on the monomer content. 

20 

The superabsorbent polymer may be prepared by the solution or the 
inverse suspension polymerization method or any suitable bulk 
polymerization method. The solution polymerization and inverse 
polymerization methods are well known in the art; see for example 
25 U.S. Pat. Nos. 4,076,663; 4,286,082; 4,654,039 and 5,145,906 

which describe the solution polymerization method and U.S. Pat. 
Nos. 4, 340, 706;* 4,497, 930; 4,666,975'; 4,507,438 and 4, 683,274 
which describe the inverse suspension polymerization method. The 
teachings of these patents are hereby incorporated by reference. 

30 

In the solution polymerization method, the water soluble monomer 
is polymerized at a monomer concentration from about 5 to about 
7 0 percent in aqueous solution at a temperature from about 5 °C to 
about 150 °C depending upon the polymerization initiator system. A 
35 detailed description of the solution polymerization method is gi- 
ven in U.S. Pat. No. 5,145,906; The teachings of which are hereby 
incorporated by reference. 

In the inverse suspension polymerization process, the unsaturated 
40 monomer in an aqueous solution (about 35 to 60 percent monomer to 
65 to 40 percent water) is dispersed in an alicyclic or aliphatic 
hydrocarbon suspension medium in the presence of a dispersing 
agent, such as a surfactant or protective colloid such as poly- 
vinyl alcohol. A surfactant having a HLB value of 8 to 12 such as 
45 a sorbit an fatty acid ester may be employed as the dispersing 

agent. The inverse suspension polymerization method is described 



03043670A1 I > 



WO 03/043670 



PCT/EP02/ 12808 



32 

in detail in U.S. Pat. No. 4,340,7 06; The teachings of which are 
hereby incorporated by reference. 

Preferred is the polymerization in aqueous solution, the so-cal- 
5 led "gelpolymerisation" . In this process, 10 to 70 w% monomers in 
water are polymerised. The technical process is written in Chap- 
ter 3 in "modern super absorbent polymer technology", F.L. Buch- 
hols and A.T. Graham, Wiley-VCH, 199 8. The polymerization is con- 
ducted between 0 °C and 15 0 °C ; preferred between 10 °C and 100 °C 
10 under normal or reduced or highered pressure. It is also possi- 
ble, to polymerize under nitrogen. 

The carboxylic acid groups or the unsaturated monomer used in the 
polymerization may be neutralized prior to or subsequent to the 
15 polymerization. Suitable neutralizing agents include an alkaly 

such as sodium hydroxide , ammonium hydroxide, potassium hydroxide 
or the like, and the appropriate degree of neutralization is 50 - 
98 mole percent; preferably 60 - 75 mole percent. The degree of 
neutralization is preferably at least 50 mole percent. 



20 



Cationic polymers 



Suitable cationic material are polymers with amine- and / or imi- 
ne-groups, which are rendered insoluble by crosslinking. Prefer- 
25 red are polymers, copolymers and grafted (co) polymers of vinyl- 
amine of ethylene imine, which can be used in a modified manner 
by polymer analogue reactions. 

Polyvinylamines are obtained by polymer analogue reactions, e.g. 

3 0 hydrolizing poly-N- vinyl amides (as for example poly-N- vinyl forma - 
mides, poly-N-vinylacetamides) , hydrolizing poly-N-vinylimides 
(as for example poly-N-vinylsuccinimides , poly-N- vinylphthalimi- 
des) , degradation of polyacrylamide under reaction with basic hy- 
pochlorite. Polyvinylamines are preferably prepared by 

35 polymerization of N-vinylf ormamide and subsequent polymer analo- 
gue reaction as described in DE-A-3 128 478. The N-vinylf orma- 
mide -groups of the polymers can be hydrolized to vinylamine- 
groups . For example, polyvinyl amine can be obtained by completely 
hydrolizing the homopolymers of N-vinylf ormamide. Most preferred 

40 is hydrolysis by basic compounds. With this method, it is possi- 
ble to reach a degree of hydrolysis in the range of 5 to 95%. Es- 
pecially preferred are products showing degrees of hydrolysis 
between 70 and 10 0 % ; most preferred are completely hydrolized 
products. The degree of hydrolysis can be determined by enzymati- 

45 cal determination of formiate or by polyelectrolyte-titration of 
amines with potassium poly— vinylsulf ate-solution. 
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Further copolymers of vinylamines can be used, as for example 
copolymers of vinyl formamide and comonomers, which can be changed 
to copolymers of vinylamines by polymer analogue reactions as 
described above. Comonomers are all monomers which are able to 
5 copolymerize with vinylf ormamide . Nonlimiting examples are: acryl 
amide, methaycryl amide, methacryloni trile , vinylacetate , vinyl - 
propioriate, styrene, ethylene, propylene, N-vinylpyrrolidone , N- 
vinylcaprolactame, N-vinyl imidazol , monomers containing sulfon- 
or phosphonate-groups , vinylglycol, acrylamido (methacryla- 
10 mido) alkylene-trialkylammoniumsalt , diallyle-dialkylammoniumsalt , 
(C1-C4) -alkylvinylethers. as methyl vinyl ether , ethyl vinylether , 
isopropyl vinyl ether , n-propyl vinyl ether , t-butylvinyl ether, n- 
substituted alkyl (me th) acryl amides substituted by a (C1-C4) -alkyl- 
group as for example N-methylacryl amide, N-isopropyl acrylamide, 
15 and N, N-dimethyl acrylamide, further (C 1 -C 2 o) -alkylmethacrylic 
acid esters as methacrylate, ethylmethacrylate , propyl acrylate, 
butyl acrylate, hydroxyethyl acrylate, hydroxyethyl methacrylate, 
hydroxypropyl acrylate, hydroxypropyl methacrylate, hydroxybutyl 
acrylate, hydroxybutyl methacrylate, 2-methylbutyl acrylate, 
20 3-methylbutyl acrylate, 3-pentyl acrylate, neopentyl acrylate, 
2-methylpentyl acrylate, hexyl acrylate, cyclohexyl acrylate, 
2-ethylhexyl acrylate, phenyl acrylate, heptyl acrylate, benzyla- 
crylate, toluene acrylate, octyl acrylate, 2-octyl acrylate, 
nonyl acrylate and octyl methacrylate. 

25 

Some specific copolymers are written for example in DE-A-3 534 
273: copolymers of N-vinyl formamide and. vinylacetate, vinylpro- 
pionate, (C1-C4) -alkyl vinylethers , methacrylic acid- and acrylic 
acidester, acryl onitrile and acrylamide and homologues thereof 
30 and vinylpyrrolidone . 

Nonlimiting examples of grafted polymers are polymers from alky- 
leneoxide-groups and N-vinyl formamide as written in DE-A-1 951 
5943, which were crosslinked after hydrolysation . Further exam- 

35 pies for polymers useful for grafting are polyvinylacetate and / 
or polyvinylalcohol . As written in DE-A-19 526 626 grafting with 
N-vinyl formamide onto said polymers by free radical 
polymerization is possible and the resultant polymer can be hy- 
drolised, rendered to un-neutralized form and crosslinked after- 

40 wards. 

Other suitable polymers for grafting with N-vinyl formamide are 
vinylacetate, acrylic acid, methacrylic acid, acrylamide and 
acrylonitrile . 
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Other suitable polymers for grafting with N- vinyl f ormamide are 
mono-, oligo- or polysaccharide-based polymers, which contains 
N-vinylf ormamide in contents from 2 0 to 95 % by weight, related 
to the entire amount monomer + polymer. Said grafted polymers are 
5 rendered afterwards in free amines by hydrolyzation, rendered in 
case to un-neutralized form followed by crosslinking. 

Grafted polymers are preferably prepared from N-vinylf ormamide as 
the only monomer. However, it is possible to replace N- vinyl for - 
10 mamide partially by comonomers mentioned above. 

Further it is possible, to modify po lyvinyl amine , copolymers and 
grafted (co) polymers thereof by polymer analogue reactions. Said 
reactions are manifold and described for example in "Advanced 
15 Organic Chemistry" from Jerry March, 3 rd reprint, John Wiley and 
sons 1985. 

Beside these intramolecular, polymer analogue reactions of poly- 
vinylamines a lot of other reactions are possible. Nonlimiting 

20 examples of said reactions are amidizing, alkylizing, preparation 
of sulfonamides, urea, thiourea, carbamate, acylizing reactions 
with acids, lactones, acid anhydrides and acid chlorides. 
Polymers obtained by said reactions are also suitable for the 
preparation of crosslinked cationic polymers. Preferably said po- 

25 lymer analogue reactions are carried out before crosslinking the 
polyvinylamines and copolymers and grafted (co)polymers thereof. 

Other suitable polymers are polyethylene-imines, polyami do amines 
grafted with ethyl ene-imine or polyaxnines grafted with ethyl ene- 
30 imine. 

WO-A-94/12 5 60 teaches a further class of aminogroups- , preferably 
ethylene-imine-groups-containing polymers . Said polymers are wa- 
ter-soluble, crosslinked, partially amidified polyethylene-imi- 
35 nes, which are available by 

reaction of polyethylene-imines with one-basic carboxylic 
groups or esters, anhydrides, acid chlorides or acid amides 
thereof to an amide, and 
4 0 - reaction of amidified polyethylene-imines with crosslinkers 
containing at least to functional groups. 

The values of the molecular mass can reach up to 5 million. Pre- 
ferably the molecular mass is in between 1000 to 1 million. The 
45 polyethylene-imines will be partially amidified with one-basic 
carboxylic acids in that way that, as non-limiting example, 0.1 
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the polyethylene-imines are present as amide-group. Suitable 
crosslinkers are mentioned above. Preferably crosslinkers free of 
halogene are chosen. 

5 The reaction between compounds containing aminogroups and cross- 
linkers are carried out using 0,1 to 50, preferably 1 to 5 parts 
by weight of crosslinker per 1 part by weight of the aminogroup 
containing compound. 

10 Other addition products containing aminogroups are polyethylene- 
imines as well as quaternary polyethylene-imines. The poly- 
ethylene-imines and quaternary polyethylene-imines can be brought 
into reaction with crosslinkers containing at least to functional 
groups. Quaternisation of polyethylene-imines can be carried out 

15 for example with alkylhalogenides as methyl chloride , ethylchlo- 
ride, hexyl chloride , benzyl chloride or lauryl chloride als well as 
with dime thy lsulf ate . 

Further suitable polymers are alkoxylated polyethylene-imines, 
20 obtained as non-limiting example by reaction of polyethylene- 

imine with ethylene oxide and / or propylene oxide. The alkoxyla- 
ted polyethylene-imines can be brought into reaction with cross- 
linkers containing at least to functional groups and thus rende- 
red water-insoluble. The alkoxylated polyethylene-imines contai- 
25 ning per each NH-group 0,1 to 100, preferably 1 to 3 alkylene 
oxide units. The values of the molecular mass of said poly- 
ethylene imines can reach up to 2 million. Preferably chosen mo- 
lecular masses of polyethylene imines for alkoxylation are in 
between 1000 to 50000. Further suitable polymers containing wa- 
30 ter-soluble aminogroups are reaction products of polyethylene- 
imines with diketenes, as for example polyethylene-imines with 
molecular masses from 1000 to 50 000 with distearyl-diketene, 
which are crosslinked afterwards. 

35 Crosslinked polyethylene-imines are for example described in EP 0 
895 521. 

Polyethylene- imine is obtained in conventional manner by cationic 
polymerization of ethylenimine in the presence of polymerization 
40 catalysators , as for example acids, Lewis-acids, acid salts of 
metals. Preferably used polyethylene-imines show molecular 
weights from 1000 to 5 million. 

Especially preferred cationic polymers are polyvinylamine, poly- 
45 ethyl eneimine, polyallyleamine, polyvinylguanidine and in case 
modified polyvinyl amines and modified polyethylene imines . 
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Most preferred cationic polymers are polyvinylamine and polyethy- 
leneimine. 

Crosslinkers for crosslinking the cationic polymers 

5 

Suitable crosslinkers for crosslinking said cationic polymers are 
bi- or polyfunctional , that is, they are possessing two ore more 
active groups which are able to react with the amino- or imino- 
groups of the polymers . Besides compounds of low molecular weight 
10 it is possible to carry out the crosslinking reaction with 
polymers and / or copolymers . 



15 



Suitable bi- or polyf unctional crosslinkers are as nonlimiting 
examples 



(a) Di- or polyglyc idyl compounds 

(b) Di- or polyhalogene compounds 

(c) Compounds with two or more isocyanate-groups , which can be 
blocked 

2 0 (d) Polyaziridine compounds 

(e) Derivatives of dihydroxyketon 

(f) Compounds with two or more activated double bondings, which 
can carry out Michael— additions 

(g) Sodium formiate 

25 (h) Di- and polyaldehydes and Di- and polyketons . 

Preferred crosslinkers (a) are as nonlimiting examples bis-chlo- 
rohydrinethers of polyalkylene-glycols , . as written in US-A- 4 144 
123. Further preferred are phosphonic acid diglycidyl ether and 
30 ethyleneglycol diglycidyl ether. 



Further crosslinkers are reaction products of at least threehy- 
dric alcohols with epichlorhydrin to form products containing at 
least two chlorohydrin-units . That is, generally used as poly- 
35 hydric alcohols are for example glycerine, ethoxylated glycerine 
or propoxylated glycerine, polyglycerine with 2 to 15 glycerine- 
units per molecule, as well as ethoxylated or propoxylated poly- 
glycerine. Said crosslinkers are proposed in DE-A-2 916 356. 

40 Suitable crosslinkers (b) are a,u- or vicinale dichloroalkanes , 
as for example 1 , 2-dichloroethane, 1 , 2-dichloropropane , 1,2-dich- 
lorobutane and 1 , 6-dichlorohexane . 

Further a, u-dichloropolyalkyleneglycols are known as crosslinkers 
45 from EP-A.O 025 515 with preferably 1 to 100 ethyl enoxide-uni ts . 
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Further crosslinkers (c) containing blocked isocyanate-groups , as 
for example trimethylhexamethylene-diisocyanate blocked with 
2 , 2 , 6, 6, -tetramethylpiperidine-4-on. Such crosslinkers are known 
as for example from DE-A-4 028 285. 

5 

Further preferred are crosslinkers containing aziridine-groups 
(d) based on polyethers or substituted hydrocarbons, as for 
example 1 , 6-bis-N-aziridinomethane . Parts of this category of 
crosslinkers are further at least reaction products of dicarb- 
10 oxylic acid esters with ethylene imine containing two aziridino- 
groups as well as mixtures of said crosslinkers. 

Crosslinkers free of halogene (d) are products of the reaction of 
dicarboxylic acid esters (completely esterified with one functio- 

15 nal alcohols with 1 to 5 carbonatoms) with ethylene imine. Suita- 
ble dicarboxylic acid esters are for example oxalic acid 
dimethyl ester, oxalic acid diethylester , succinic acid dimethyl- 
ester, succinic acid diethylester , adipic acid dimethyl ester, 
adipic acid diethyl ester and glutaric acid dimethyl ester. Thus 

20 it is possible to get bis- [0- (1-aziridino) ethyl ] oxalic acid amide 
from the reaction of diethyloxylate with ethylene imine. The 
dicarboxylic acid esters are reacting with ethylene imines in a 
molar ratio of 1 to at least 4. The reactive groups of this 
crosslinkers are the aziridino-groups at the end of the molecu- 

25 les . Those crosslinkers are characterized as nonlimi ting example 
by the following formula: 

(CH 2 )2N-(CH2)2-NH-C0-(CH2)n~C0-NH-(CH2)2-N(CH2) 2 wherein n = 0 to 22 . 

30 Crosslinkers of (e) are as nonlimiting examples ethylene 

carbonate, propylene carbonate, urea, thiourea, guanidine, dicya- 
nediamid or 2-oxazolidinone and derivatives thereof. Preferred 
are propylene carbonate, urea and guanidine. 

35 Crosslinkers of (f) are products of the reaction of polyether 
diamines, alkylene diamines, polyalkylene polyamines , alkylene 
glycols , polyalkyl ene glycols or mixtures thereof with mono— 
ethylenically unsaturated carboxylic acids, esters, amides or an- 
hydrides of monoethylenically unsaturated carboxylic acids, where 

40 said reaction products containing at least two ethylenically un- 
saturated double bondings, carboxylic acid amide-, carboxylic- or 
estergroups, as well as methylene-bis-acrylamide and divinylsul- 
f one . 

45 Crosslinkers of (f) are as nonlimiting examples products of the 
reaction of of polyetherdiamines with preferably 2 to 5 0 alkyle- 
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propylenediamine, 1 , 4-diaminobutane and 1 , 6-diaminohexane , poly- 
alkylenpolyamines with molecular weights of less than 5000, as 
for example diethylenetriamine , triethylenetetramine, dipropyle- 
ne t r i amine , tr ipr opy 1 ene t e tr ainine , dihexame thy 1 ene tri amine and 
5 aminopropylethylenedi amine, alkyleneglycols , polyalkyleneglycols 
or mixtures thereof with 

monoethylenically unsaturated carboxylic acids 
esters of monoethylenically unsaturated carboxylic acids 
10 - amides of monoethylenically unsaturated carboxylic acids and 
anhydrides of monoethylenically unsaturated carboxylic acids. 

Said reaction products and their manufacturing are described in 
EP-A-873 371 and are expressionally mentioned hereby. 

15 

Especially preferred crosslinkers are products of the reaction of 
maleic acid anhydride with a, u-polyetherdiamines of a molecular 
mass from 400 to 5000, the reaction products of polyethyleneimi- 
nes of a molecular mass from 129 to 50 000 with maleic acid 
20 anhydride, as well as the reaction products of ethylenedi amine or 
triethylenetetramine with maleic acid anhydride in a molecular 
ratio of 1 to at least 2 . 

Crosslinkers of (f) are preferably compounds of the following 
25 formula: 

HOOC-CH=CH- CO-X- t(CH 2 ) m -Y- 1 p" t (CH 2 ) n -Z ] - q -C0-CH=CH-C00H 

Wherein X, Y, Z = 0, NH 
30 And Y additionally expresses CH 2 
m, n = 0 - 4 
p, q = 0 - 45 000 

which can be obtained as reaction products of polyether diamines , 
35 ethyl enediamine or polyalkylenepolyamines with maleic acid 
anhydride . 

Suitable crosslinkers free of halogene of (h) are as nonlimita- 
ting -examples dialdehydes or their half- or acetale - compounds 

40 as precursor. Examples are: glyoxal , methylglyoxal , malonic 
dialdehyde, succinic dialdehyde, malenic- and furmaric acid 
dialdehyde, tartaric acid dialdehyde, adipic acid dialdehyde, 2- 
oxo-adipic acid dialdehyde, f urane-2 , 5- dipropionaldehyde , 
2-formyl-2 , 3-dihydropyrane, glu tar dialdehyde , pimeline acid 

45 aldehyde, as well as aromatic dialdehydes as for example 
terephthalic acid dialdehyde, o-phthalic acid dialdehyde, 



WO 03043670A1 _L> 



WO 03/043670 



PCT/EPO2/12808 



39 

also homo- or copolymers of acrolein or methacrolein with molecu- 
lar mass of 114 to about 10 000. Suitable comonomers are water- 
soluble monomers as for example acrylamide , vinylacetate and 
acrylic acid. Further crosslinkers are aldehyde-starches. 

5 

Suitable crosslinkers free of halogene of (h) are as nonlimita- 
ting examples diketons or their half- or ketale - compounds as 
precursor. Examples are: (3-diketone as acetylacetone or cyclo- 
alkane-1 , n-dione as eye 1 open tane-1 , 3-dione and cyclo- 
10 hexane-1 , 4-dione . Suitable compounds are also homo- or copolymers 
of methylvinylketone with molecular mass of 140 to about 15000. 
Suitable comonomers are water-soluble monomers as for example 
acrylamide and vinylacetate. 

15 Of course, it is possible to use mixtures of two or more cross- 
linkers . 

Especially preferred are crosslinkers without any halogen. 
The most preferred crosslinkers are sodium formiate or ethylen- 
20 glycoldiglycidyl ether . 

The crosslinkers mentioned above are used alone or as mixture 
with water-soluble, amino-group-containing polymers or polyalky- 
lenpolyamines . 

25 

Most preferred are crosslinkers react completely or preferred 
with aminogroups of the cationic material in that way, that no 
covalent bondings of the crosslinked polyamine layer to super- 
absorbent material occurs . 

30 

Method of coating a hydrogel- forming polymer with a coating 
solution that contains both an amine and crosslinker. 

Conventional non-surface treated hydrogel -forming polymer parti- 
35 cles used as base polymer according to the present invention are 
typically substantially dry. The term "substantially dry" means 
that the particles have a liquid content, typically water or 
other solution content, of less than about 10 %, preferably less 
than about 8 %, and most preferred less than about 6 % . In gene- 
40 ral, the liquid content of the coated super absorbent particles is 
in the range of from about 0.01 % to about 5 % by weight of the 
particles. Water, contents of more than 10 % are undesired, be- 
cause the penetration of the coating solution in the case of base 
polymers with water contents of more than 10 % will be too 
45 strong, and crosslinking of the polyamine compounds only at the 
surface of the super absorbent particles cannot be guaranteed. 
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Said base polymer is contacted while mixing with a coating 
solution containing a polyamine (polyvinyl amine , polyallylamine , 
or polyethyleneimine) and a crosslinking agent (sodium formate, 
polyepoxies, diesters, etc.) in water and (optionally) a wetting 
5 agent that is a hydrophilic organic solvent, preferably an alco- 
hole such as propylene glycol. The weight ratio of organic sol- 
vent to water is preferably lower than 50:50. The application of 
the coating solution onto the surface of the base polymer can be 
achieved by addition of both the polyamine solution and cross- 
10 linking agent as one solution, or by addition of polyamine and 
crosslinker separately, but at the same time or alternatively se- 
quentially. 

The coating solution is applied to the base polymer particles in 
15 a manner such that the solution is uniformly distributed on the 
surface of the base polymer particle. Any of the known methods 
for dispersing a liquid can be used; preferably by dispersing the 
coating solution into fine droplets; e.g. by use of a pressurized 
nozzle or a rotating disc. Uniform coating of the base polymer 
20 can be achieved in a high intensity mechanical mixer or a fluidi- 
zed mixture which suspends the base polymer in a turbulent gas 
stream. Methods for the dispersion of a liquid onto the super- 
absorbent base polymer's surface are known in the art; see for 
example U.S. Pat. No. 4,734,478; the teachings of which are her- 
25 eby incorporated by reference; in particular column 6, line 4 5 to 
column 7, line 35. 

The resulting particles are then dried and cured at about 100 °C 
for sufficient time to cure the coating. The resulting product 
30 is the broken up if agglomeration has taken place and resized. 

There are several methods to perform polyamine-coating . 

Polyamine and crosslinker are added simultanously . Both com- 
35 ponents are mixed in a short time bevor application. Said 

mixture is applied via one nozzle. 

Polyamine and crosslinker are added simultanously. Both com- 
ponents are preferably applied via two separate nozzles to 
avoid crosslinking before application to the surface of 
40 super absorbent material because of the high reactivity of the 

crosslinker . 

Step-by-step addition of the components: at first the addi- 
tion of crosslinker, followed by the addition of cationic po- 
lymer (preferably the polyamine) . This method requires expe- 
45 rimental conditions (e.g. very low reaction temperatures) to 
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avoid covalent bondings of the crosslinker to the super- 
absorbent surface, if crosslinkers of high reactivity are 
chosen . 

Step-by-step addition of the components: at first the addi- 
5 tion of cationic polymer (preferably the polyamine) , followed 

by the addition of crosslinker. 

It is important, to perform the reaction temperatures after the 
application of both components (crosslinker and cationic poly- 
10 mer) . The temperature has to be 1 ess than 15 0 °C to avoid yellow- 
ness of the product and covalent bondings between carboxylic 
groups of superabsorbent material and the aminogroups of the 
cationic polymer. 

15 Additional modifications 

Further it is possible, to modify the cationic polymer by the ad- 
dition of polyvalent ionic compounds. 

20 Suitable ionic compounds are solutions of salts containing two- 
or more valencies. Non-limiting examples for said metall ions are 
Mg 2+ , Ca 2+ , Al 3+ ,' Sc 3 + , Ti 4+ , Mn 2+ , Fe 2+ ' 3 + , Co 2+ , Ni 2+ , Cu + / 2+ , Zn 2 + , 
y3 + / Zr 4 +/ Ag+/ La 3 + / ce 4+ , Hf 4+ , und Au+/ 3+ . Preferred are Mg 2+ , 
Ca 2+ , Al 3 + , Ti 4+ , Zr 4+ und La 3+ , and especially preferred are Al 3+ , 

2 5 Ti 4+ und Zr 4+ or mixtures thereof. Suitable metall ions are soluble 

to a convenient content in the applied solvent. 

Most preferred are salts of metals with anionic groups tending to 
form weak complexes as for example chloride, nitrate und sulfate. 

3 0 Suitable solvents are water, alcoholes, DMF, DMSO as well as mix- 

tures thereof. Especially preferred solvents are water and mixtu- 
res of water/alcohole as for example water/methanole oder 
water/1, 2-propandiole. Said metall salts are applied using the 
convenient solution or dispersion of metall salt and solvent. 
35 This is done by any of various techniques and apparatus used for 
applying solutions to materials including coating, dumping, pou- 
ring, spraying, or immersing. Preferably it is done by spraying 
the solution or dispersion onto dry coated superabsorbent. Drying 
afterwards takes place using temperatures of no more than 100 °C 

4 0 for reasons explained later. 

Furtheron, anionic compounds can be added. Nonlimiting examples 
are sulfate-, carbonate- or phosphate-ions. 

45 Ionic compounds can be added at the same time or afterwards the 
polyamine coating. Even cationic polymer and / or anionic 
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added simultaneously. The only restriction is that the cross- 
linking of the polyamine has to be guaranteed and e.g. no comple- 
xing reaction by added ionic compounds takes place before cross- 
linking is finished. 

Another possibility of modification is the addition of acids. 
Nonlimiting examples of acids which can be added are HCl , H 2 S0 4 
H3PO4, CH3COOH etc. Using this method it is possible to adjust the 
degree of neutralisation of the cationic polymer and to lower 
the pH of the polymer to the desired pH-value. 

It is possible to change the charge density of the polyamines. 
For example, polyvinylamine shows in completely protonated confi- 
guration a charge of 23 meq. 



15 



A further possibility of modification is the addition of adhesi- 
ves, such as water-soluble or water-sensitive adhesives, latex 
adhesives, microfiber glues, hot melt adhesives (e.g. elastic hot 
melt adhesives) or solvent-based adhesives or the like. The addi- 
20 tion of adhesives may support the adhesion of superabsorbent par- 
ticles onto fibrous materials. 

Yet another possible modification is treating the coated super- 
absorbent particles with plasticizer to render structures or com- 
25 posites made thereof more flexible. Suitable plasticizers include 
water, alone or in combination with humectants/coplasticizers as 
for example glycerol. In the case of water alone, the absorbent 
structure can be placed e.g. in a high humidity environment. 

30 A further possibility of modification is the addition of 
surfactants. It is possible, to use all nonionic, anionic, 
cationic and amphoteric surfactants, preference being given to 
those, which are soluble or at least dispersible in water. 

35 Examples of suitable nonionic surfactants are the adducts of 
ethylene oxide, propylene oxide or ethylene oxide / propylene 
oxide mixtures with alkylphenols , aliphatic alcohols, carboxylic 
acids or amines. Suitable examples are (C 8 -C 24 ) -alkylphenols alko- 
xylated with ethylene oxide and / or propylene oxide. Other exam- 

40 pies of suitable nonionic surfactants are ethoxylated 

(C10-C24) -fatty alcohols, ethoxylated (C10-C24) -fatty amines and 
ethoxylated (C10-C24) -fatty acids as well as ethoxylated 
(C10-C24) -fatty acid amides. Also suitable are polyhydric (C 3 -C 6 )- 
alcohols esterified partially with (C 10 -C 24 ) -fatty acids. These 
45 esters can additionally be reacted with from 2 to 20 mol of 

ethylene oxide. Examples of suitable fatty alcohols which are al- 
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stearyl alcohol, myristyl alcohol, lauryl alcohol, oxo alcohols, 
and also unsaturated alcohols such as oleyl alcohol. Examples of 
(C3-C6)- alcohols, which are partially esterified and, if desired, 
ethoxylated, are glycerol, sorbitol, mannitol and pentaerythri- 
5 tol . These polyhydric alcohols are partially esterified with 
(C10-C24) -fatty acids, e.g. oleic acid, stearic acid or palmitic 
acid. Es terif ication with the fatty acids goes only so far as to 
leave at least one OH group of the polyhydric alcohol 
unes terif ied. Examples of suitable esterif ication products are 

10 sorbitan monooleate, sorbitan tristearate, mannitol monooleate, 
glycerol monooleate and glycerol dioleate. The abovementioned 
fatty acid esters of polyhydric alcohols which still contain at 
least one free OK group can be reacted for further modification 
with ethylene oxide, propylene oxide or mixtures of ethylene 

15 oxide and propylene oxide. 

Another group of suitable surfactants comprises homopolymers of 
ethylene oxide, block copolymers of ethylene oxide and alkylene 
oxides, and also polyf unctional block copolymers which are for- 
20 med, for example by sequential addition of propylene oxide and 
ethylene oxide onto diamines . 

The nonionic surfactants can be used alone or in a mixture with 
one another . 

25 

Suitable anionic surfactants are {CQ-C24 ) -alkylsulf onates , which 
are preferably used in form of their alkali metal salts, 

(C8-C24) -alkyl sulfates, which are preferably used in form of 
their alkali metal or trialkanolammonium salts (e.g. trialkano- 
30 lammonium lauryl sulfate, sulf osuccinic di— or monoesters) , 

(C8-C24) -alkyl aryl sulfonic acids, and the sulfuric acid half- 
esters of adducts of ethylene oxide with alkylphenols or fatty 
alcohols . 

35 Suitable cationic surfactants are e.g. the salts of fatty amines, 
quaternary fatty acid amino esters, quaternary fatty acid aminoa- 
mides, adducts of alkylene oxides with fatty amines or salts of 
fatty amines, and also long chain alkylbenzyldimethylammonium 
compounds. 

40 

Suitable amphoteric surfactants are e.g. dimethyl carboxyme thy 1 — 
fatty acid alkylamidoammonium betaines, or 3-(3-fatty acid amido 
propyl) dimethyl ammonium 2-hydroxypropanesulf onate . 

45 The ionic surfactants can be used alone or in- a mixture with one 
another . 
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The abovementioned compounds are applied as powder, or an aqueous 
solution, or in a form dissolved or dispersed in a mixture sol- 
vent of water with a hydrophilic solvent such as ethanol or in a 
form allowed to react or to be adhered to the polyamine coated 
5 superabsorbent particles. Thus, there is no preferred method of 
application. The abovementioned compounds may be added in form of 
a powder, or may be sprayed in a liquid form which is made by 
dissolving or dispersing it in a suitable solvent. Said solvent 
will be removed later on e.g. by drying. A preferable method is 

10 such as mixing the water absorbent particles with said modifica- 
tion compound, e.g. by using a device such as a high speed agita- 
ting mixer, an air mixer, a tumbling mixer, and bundary mixer. 
Otherwise, the superabsorbent particles are also immersed in a 
solution or dispersion of the modification agent, or either be 

15 mixed with liquid drops, or mixed in a mist type formed by 
spraying the solution. 

The mentioned surfactants can also be applied during the step of 
surface crosslinking . In this case, the coating solution will be 
20 applied in a performed distribution, and the coating.will .be com- 
pletely covering the surface of the polymer particles. 

Absorption profile of polyamine coated hydrogel- forming polymer 

25 A. Polyamine coated superabsorbent polymer particles show impro- 



ved performance. 



35 



30 



Generally superabsorbent hydrogel -forming polymer particles 
with Pres sure Absorbency Index PAI of less than 12 0, prefera- 
bly of less than 110, more preferably of less than 100 show 
some advantages compared to superabsorbent polymer material 
with PAI of more than 120. Absorbent cores built from super- 
absorbent material with Pressure Absorbency Index PAI of less 
than 120 show a much better permeability than the convential 
ones. Another advantage is the performance of polymer parti- 
cles with PAI < 120 in personal care products. Said particles 
show improved aquisiti on times and lower rewets . Furthermore 
they show excellent absorption capacities. 



40 



After coating with polyamines, the hydrogel -forming polymer 
particles absorb body fluids with highest acquisition rates 
and having low rewet at the same time. No gel-blocking is ob- 
served. 



45 



Generally, by adhesively coating the superabsorbent particles 
with a crosslinked surface of polyamine, it is possible, to 
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have as high crosslinked superabsorbents within the absorbent 
core, that is, the absorbent core shows excellent permeabi- 
lity and therefore excellent acquisition times, and at the 
same time the new superabsorbent particles exhibit improved 
5 rewet . 



In a preferred embodiment, said absorption profile will furt- 
her be improved by use of base polymers crosslinked with alu- 
minate , silicic acid alkali salt or alumosiiicate compounds. 
10 Said crosslinkers leads to optimized base polymers. 

Moreover, polyamine coated hydrogel- forming polymer particles 
are characterized by a ratio of AUL (0,01 psi) to AUL (0,90 
psi) of more than 2,0, preferred of more than 2,5, especially 
15 preferred of more than 3,0 and most preferred of more than 

3,5. 



B. Superabsorbent particles of extremely high permeability are 
obtained of superabsorbents having a CRC of at least 18 g/g, 
20 preferably of at least 20 g/g, especially preferred of at 

least 22 g/g and a Gel Bed Permeability of more than 800, 
preferably of more than 1000, more preferred of more than 
1200, especially preferred of more than 1500 and most prefer- 
red of more than 2 0 00. 

25 

The new absorbent material show an improved excellent permea- 
bility combined with good absorption capacities and excellent 
rewet behavior. 



30 Absorbent cores comprising highly permeable superabsorbent 

hydrogel-f orming polymer with a shell exhibit excellent per- 
meability. Compared to conventional superabsorbent polymers 
without polyamine coating, the highly permeable polymers ac- 
cording to the invention exhibit high absorption capacities 

35 and show for a given CRC improved performance. The permea- 

blity is improved compared to conventional uncoated super- 
absorbent material of the state of the art. The absorption 
capacities of the new absorbent material are very high, and 
their acquisition behavior is exellent. 

40 

The formation of absorbent members from said absorbent struc- 
tures enables a production of improved personal care 
products. The improved products show excellent permeability 
and good absorbency. The application of the superabsorbent 
45 particles with improved permeability according to the inven- 

tion enables the production of extremely thin and flexible 
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highest amounts which are therefore very comfortable in use. 
The improved products exhibit excellent permeability by un- 
changed absorption profile. 

5 C. Improved acquisition behavior is obtained by polyamine 

coating of superabsorbent fines. Coated super absorbent fines 
according to the invention exhibit the same performance as 
superabsorbent material with normal particle size distribu- 
tion even after repeated dosages and show additional the be- 
10 nefits in acquisition behavior and rewet after the first 

application of aqueous solution. 

Further coated fines show high acquisition rates and excel- 
lent rewets, caused by the high surface area they are offe- 
15 ring and their higher number of smaller particles, compared 

to conventional superabsorbents . The fluid transmission or 
permeability is improved. 

The new coated superabsorbent fines show no or gelblocking. 

20 Further the new products have the ability for trickling and 

are therefore very comfortable in handling. Therefore they 
are preferably used for applications in absorption of aqueous 
solutions e.g. in medical care, engineering and construction, 
in agriculture or as food packaging and storage and. 

25 protective against fire. 

Application of polyamine coated hydrogel-f orming polymer as ab- 
sorbent core 

30 The coated hydrogel-f orming polymer particles are incorporated in 
fibrous substrate for application in personal care, products . 
Methods of incorporation are those skilled in the art and may be 
suited for use in the present invention. 

35 Suitable fibrous webs for the present invention include those 
made using synthetic polymeric fibers. The synthetic polymeric 
fibers may be formed from any polymeric material capable of for- 
ming fibers which fibers can be formed into a fibrous web. Suita- 
ble polymeric material from which the synthetic polymeric fibers 

40 may be formed include polyolefins, such as polyethylene, poly- 
propylene, and the like; polyesters such as polyethylene 
terephthalate and the like; polyamides such as nylon 6, nylon 
6,6, poly (iminocarboxylpentamethylene) and the like; acrylics, 
and modified cellulosic material, such as cellulose acetate and 

45 rayon; as well as mixtures and copolymers thereof. 
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The synthetic polymeric fibers may be formed by meltblowing, 
through a spunbond process, by extrusion and drawing, or other 
wet, dry and melt spinning methods known to those skilled in the 
art. The synthetic polymeric fibers from which the web is formed 
5 may have a discrete length or may be substantially continuous. 
For example, if the synthetic polymeric fibers are formed by 
meltblowing, the fibers may be substantially continuous (few vi- 
sible ends) . If the fibers are formed by extrusion and drawing to 
produce a tow, the tow may be used as produced or cut into staple 

10 fibers having a length, for example of from about 2 5 millimeters 
to about 75 millimeters or short cut into length of from about 1 
millimeter to about 25 millimeters. The synthetic polymeric 
fibers may suitably have a maximum cross-sectional dimension of 
from about 0,5 micrometer to about 50 micrometers as determined 

15 by microscopic measurement using an optical microscope and a ca- 
librated stage micrometer- or by measurement from Scanning 
Electron photomicrographs . 

The fibrous web may be formed directly through a spunbond or 
20 meltblown process, or by carding or air-laying staple or short 
cut fibers. Other methods of forming fibrous webs known to those 
skilled in the art may be suited for use in the present inven- 
ti on. The web may subsequently be bonded to enhance structural 
integrity. Methods of bonding fibrous webs are known to those 
25 skilled in the art and include thermal bonding, point bonding, 
powder bonding, ultrasonic bonding, chemical bonding, mechanical 
entanglement, and the like. The fibers may be homogenous fibers 
or may be a core/ sheath or side-by-side fibers known in the art 
as bicomponent fibers. 

30 

The fibrous web may be formed from a single type of synthetic po- 
lymeric fiber or may contain synthetic polymeric fibers formed 
from different polymeric materials, having different fiber 
lengths or maximum cross-sectional dimensions. For example, the 

35 web may comprise a mixture of (1) bicomponent fibers having a 
polyethylene sheath and a polypropylene core which bicomponent 
fibers have a maximum cross-sectional dimension of about 2 0 mi- 
crometers and a length of about 38 millimeters and (2) polyester 
fibers (polyethylene terephthalate) having a maximum cross-sec- 

40 tional dimension of about 25 micrometers and a length of about 38 
millimeters. Fibers 1 and 2 may be combined in a weight ratio of 
from 1:99 to 99:1. The fibers may be uniformly mixed, or may be 
concentrated at opposite planar surfaces of the fibr/ous web. 

45 The web suitably comprises from about 10 to 100 weight percent, 
beneficially of from about 2 0 to 100 weight percent, preferably 
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from about 50 to 100 weight percent synthetic polymeric fibers. 
In addition to the synthetic polymeric fibers, the web may con- 
tain from about 90 to 0 weight percent of a nonsynthetic polyme- 
ric fiber such as wood pulp fluff cotton liners, cotton, and the 
5 like. 

In one preferred embodiment, the web contains synthetic polymeric 
fibers which are formed from a polymeric having a high wet modu- 
lus . The importance of the modulus of a material is discussed in 

10 the book "Absorbency" edited by P.K. Chatterjee (Elsevier, N.Y. , 
1985) . A polymeric material will be considered to have a high wet 
modulus when it has a wet modulus greater than about 8 0 percent 
of its dry modulus as determined by ASTM (American Society for 
Testing and Materials) test method D 2101-91 using modified gauge 

15 lenths . It is often desired to form the synthetic polymeric 

fibers of the web from a polymeric material having a high wet mo- 
dulus because such material generally form fibrous webs which 
possess a relatively high degree of wet resiliency. The wet resi- 
lience of a fibrous web is related to the pore structure (while 

2 0 under load) of the fibrous web. As will be discussed in greater 

detail below, it is often desired that the web have a relatively 
high' degree of wet resilience. 

The pore structure (while under load) of a fibrous structure for- 
25 med from fibers of a polymeric material will, as discussed above, 
relate to the wet and / or dry modulus of the constituent fibers . 
Wet modulus of the consitutent fibers should be considered for 
fibers that may likely be wetted during use. For the purposes of 
estimating the effect of load on the pore structure of a fibrous 

3 0 structure formed from fibers of a polymeric material the tensile 

modulus of the fiber which can be related to the flexural rigi- 
dity of the fiber as shown in the book "Physical Properties of 
Textile Fibers" by W. E . Morton and J. W. S. Hearl ( The Textile 
Institute, London, 1975) can be used. 

35 

As a general rule, the polymeric materials from which the synthe- 
tic polymeric fibers of the web are formed will be inherently hy- 
drophobic. As used herein, the term "hydrophobic" describes a ma- 
terial which has a contact angle of water-in-air of . greater then 

40 90 degrees. The term "hydrophilic" refers to a material which has 
a water-in-air contact angle of less than 90 degrees. The water- 
in-air contact angle is suitably determined as set forth in the 
book "Absorbency" edited by P.K-Chatter jee (Elsevier, N.Y. , 
19 85) . As used herein, a polymeric material will be considered as 

45 "inherently" hydrophobic or hydrophilic when the polymeric mate- 
rial, free from any surface modifications or treatments, e.g., 
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surface active agent, spin fishes, blooming agents, etc., is hy- 
drophobic or hydrophilic , respectively. 

When the synthetic polymer fibers of the web are formed from a 
5 polymeric material which is inherently hydrophobic, it is often 
desirable to treat the fibers with a surface modifying material 
to render the surface of the fiber hydrophilic. For example, a 
surfactant may be applied to the fibers. 

10 The fibx-ous web may also comprise hydrophilic fibers. The hydro- 
philic materials may be inherently hydrophilic such as cellulosic 
fibers such as wood pulp fluff, cotton linters, and the like; re- 
generated cellulose fibers such as rayon; or certain nylon 
copolymers such as poly (pentamethylenecarbonamide) (nylon-6 ) /poly- 

15 ethylene oxide. Alternatively, the hydrophilic fibers may be hy- 
drophobic fibers which have been treated to possess a hydrophilic 
surface. For example, the fibers may be formed from a polyolefin 
material which is subsequently coated with a surface active agent 
such that the fiber itself is hydrophilic as described herein. 

20 Other methods of hydrophili zing fibers formed from hydrophobic 
materials are known and suited for use in the present invention. 

Methods of providing inherently hydrophilic fibers such as wood 
pulp fluff are known. So to are methods of providing regenerated 

25 cellulosic fibers such as rayon. Hydrophobic fibers which can be 
treated to possess a hydrophilic surface are suitably formed by 
processes known to those skilled in the art. If the hydrophilic 
fibers are hydrophobic fibers which have been treated to possess 
a hydrophilic surface, the fibers will suitably have a fiber 

30 length and a maximum cross-sectional dimension as set forth 

above. If the hydrophilic fibers are inherently hydrophilic such 
as wood pulp fluff, rayon, cotton, cotton linters and the like, 
the fibers will generally have a length of from about 1.0 milli- 
meters to about 50 millimeters and a maximum cross-sectional di- 

35 mension of from about 0.5 micrometers to about 100 micrometers. 

The fibrous web suitably comprises from about 10 to 100 weight 
percent, beneficially from about 3 0 to 100 weight percent, and 
preferably from about 5 5 to 100 weight percent of hydrophilic 

40 fibers, preferably inherently hydrophilic fibers. In addition to 
the hydrophilic fibers, the web may contain form about 90 to 0 
weight percent of high wet modulus, preferably inherently hydro- 
phobic fibers. The web may be formed form a single type of hydro- 
philic fiber or may contain hydrophilic fibers having different 

45 compositions, lengths and maximum cross-sectional dimensions. 
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In one preferred embodiment, the web is formed from air laid eel- 
lulosic fibers such as wood pulp fluff. Wood pulp fluff fibers 
are preferred for use due to their ready availability and due to 
the fact that the fibers are relatively inexpensive compared to 
5 synthetic fibers. 

In one especially preferred embodiment, the web is compressed un- 
der reduced pressure. 

10 In another preferred embodiment, the coated hydrogel- forming po- 
lymer particles are incorporated together with superabsorbent po- 
lymer fibres into fibrous substrate. 

Superabsorbent polymer fibres are preferred for several reasons. 

15 At first, they can be easily incorporated into the structure of a 
nonwoven material . Polymer fibres remain in place better than 
superabsorbent polymer particles in the case when compressive 
forces and other forces act on the absorbent article. Further, 
superabsorbent polymer fibres are generally softer and more fle- 

20 xible than particulate superabsorbents . Superabsorbent polymer 
fibres may also have less tendency to cause holes in the backs- 
heet when they are in their dry state than some particulate 
superabsorbent polymers. Superabsorbent polymer fibres can be 
distributed within a layer of material so that the fibers are ge- 

25 nerally spaced away from adjacent fibres at sufficient distance. 
Therefore, superabsorbent polymer fibres will have a reduced ten- 
dency to come in contact with each other and cause gel-blocking 
during absorption. 

30 Procedure of forming composites containing polyamine coated 
hydrogel -forming polymer 

Water-absorbent composites can be manufactured from super- 
absorbent particles with a shell. Preferred are polyamine coated 

35 superabsorbent polymers which are brought together with structure 
forming compounds such as for example fibrous matrices (built 
from cellulosic fiber, synthetical fibers or mixtures thereof as 
air-laid or / an wet-laid web), open- or closed celled foams, or 
others. The following is explained with polyamine coated super- 

40 absorbent polymers, but can also be adjusted to other super- 
absorbent particles with a shell. 

Alternatively, a composite can be formed from two layers, which 
are combined in a way that a plurality of chambers are formed in 
45 which the polyamine coated superabsorbent polymer particles are 
incorporated. In this case, at least one of said layers has to be 
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or closed celled foams, perforated films, elastomers or fibrous 
matrices. Included are also laminates of at least two layers, 
comprising said superabsorbent particles. 

5 Further a composite can be formed from a carrier layer (e.g. a 
polymer film) , onto which the superabsorbent polymer particles 
are affixed. The fixation can be carried out at one side or at 
both sides. The carrier layer can be water-pervious or water— im- 
pervious . 

10 

According to the present invention, the composites containing 
more than 3 0% by weight, preferred more than 40% by weight, espe- 
cially preferred more than 50% by weight and most preferred more 
than 60% by weight superabsorbent particles with crosslinked 
15 polyamine shell. Preferred are composites from superabsorbent 
particles and fibrous matrices . 

Suitable fibers for forming fibrous matrices are mentioned above. 

20 In a preferred embodiment of the present invention, the polyamine 
coated superabsorbent particles are incorporated in a hydrophilic 
fibre matrice to form the composite. This can be done by diffe- 
rent procedures mentioned below. 

25 The fibrous matrice can be formed from a mixture of synthetical 
fibers and cellulosic fibers in a mixing ratio from (100 to 0) 
synthetical fibers to ( 0 to 100) cellulosic fibers.. The cellulo- 
sic fibers are optionally, chemically stiffened for improvement of 
the structural integrity 

30 

Chemical stiffening is made as nonlimiting examples by coating 
the fibers with polyamide-epichlorohydrine (Kymene®) or by a 
chemical reaction by addition of crosslinkers (e.g. C2-C8 
dialdehyde, C2-C8 monoaldehyde, C2-C9 polycarboxylic acids) , which 
35 performing intra-molecular crosslinks within the cellulosic fi- 
ber . 

Non-limiting examples for preparation of composites comprising 
synthetical fibers (a) , cellulosic fibers (b) and polyamine coa- 
40 ted superabsorbent particles (c) wherein the mixing ratio of syn- 
thetical fibers and cellulosic fibers can be variied from (10 0 to 
0) synthetical fibers to (0 to 100) cellulosic fibers including 

(1) procedures wherein (a) , (b) and (c) are mixed at the same 
45 time, 

(2) procedures wherein a mixture of (a) and (b) is mixed with 
(c) , 
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(3) procedures wherein a mixture of (b) and (c) is mixed with 

(a) , 

(4) procedures wherein a mixture of (a) and (c) is mixed with 

(b) , 

5 (5) procedures wherein (b) and (c) is mixed and (a) is 
continously added, 
(6) procedures wherein (a) and (c) is mixed and (b) is 
continously added, 
. (7) procedures wherein (b) and (c) are separately mixed with (a) . 

10 

Preferred are procedures (1) and (5) . The apparatus is not limi- 
tated and every apparatus for mixing known in the art can be 
used. 

15 The resulting nonwoven fabrics are highly flexible, with a mini- 
mum of coarseness, have sufficient strength to handle through the 
process, and displayed very little SAP shakeout. 

In a further preferred embodiment of the present invention, it 
2 0 has been found that heating a resin for a sufficient time at a 
sufficient temperature above the Tg (glass transition 
temperature) of the resin improves the absorption properties of 
the resin. In accordance with one important embodiment of the 
present invention, it has been found that when a layer of the 
25 polyamine coated super absorbent particles is heated to at least 

about 50 °C during or after manufacture of the composite, not only 
are the absorption properties improved, but the particles are 
strongly adhered to themselves and to any fiber contained in the 
composite so that there is little to no loss of superabsorbent 
30. particles during manufacture and handling. Thus, the composite 
without added adhesive, has new and unexpected structural inte- 
grity, for the above-described uses, particularly diaper cores. 

Procedure of forming air-laids containing polyamine coated hydro- 
35 gel-forming polymer 

Present day diapers generally consist of a topsheet made from a 
nonwoven material that is in contact with the skin of the wearer, 
an acquisition layer below (i.e., opposite the skin of wearer) 

40 the topsheet, a core that is below the acquisition layer, and a 
backsheet below the core. This construction is well known in the 
industry. In a preferred embodiment, the present diaper consists 
essentially of a topsheet, a core, and a backsheet, i.e., an ac- 
quisition layer is not present. The improvements provided by pre- 

45 sent polyamine coated superabsorbent particles permit an acquisi- 
tion layer to be omitted from a disposable diaper. Such a result 
is both new and unexpected in the art in that an expensive acqui- 
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sition layer can be omitted, the diaper is lighter and thinner, 
and absorptive properties are not adversely affected. 

Suitable fibers for forming fibrous matrices are mentioned above. 

5 

Typically, an air-laying process involves mixing the components 
in air and condensing and rearranging the mixture on a forming 
screen. Any suitable conventional air-laying process may be used. 
Generally . in an air-layed process bundles of small fibres having 
10 typical lengths ranging from about 3 mm to about 19 mm are sepa- 
rated and entrained in an air supply and then deposited onto a 
forming screen, usually with the aid of a vacuum supply. The ran- 
domly deposited fibres then are bonded to one another using, for 
example, hot air or spray adhesive. 

15 

In detail, the fibrous web is formed directly by air-laying sta- 
ple or short cut fibers . Prior art apparatus for the production 
of a fibrous web comprise several fiber distributors and corres- 
ponding suction boxes mounted at intervals along forming wire. 

20 When using such an apparatus, the thickness of the fibrous web 

formed is increased stepwise. However, fibrous products which are 
made stepwise tend to delaminate because of an insufficient inte- 
gration between adjacent fiber layers. Consequently, a relatively 
large amount of binder is required to obtain a desired strength 

25 of the final fibrous product. Furthermore, this method of manu- 
facturing fibrous products presents serious problems when light 
weight products are desired as in the present case of ultrathin 
personal care products. On the other hand, if the fibrous layer 
initially deposited on the forming wire is very thin, it will be 

30 consequently easily damaged in the following zone of production. 
Furthermore, in case of very thin products, in which the fibers 
are not entangled in one another, the fibers tend to form groups 
of fibers during the passage between two fiber distributors and, 
therefore, non-uniform products are obtained. This problem beco- 

35 mes much stronger, when the speed of the forming wire is increa- 
sed to increase the production rate. 

In order to prevent a non-uniform distribution of fibers in the 
fiber layers formed, driven rollers contacting the fiber layer 

4 0 deposited thereon have been mounted at each fiber distributor. 
However, the fibers tend to accumulate at the surfaces of the 
rollers and form layers thereon, unless their moisture content is 
maintained wi thing narrow limits. Furthermore, such rollers tend 
to increase the tendency of del ami nation of the fibrous product 

45 formed because they smooth out the surface of the fiber layer 
formed and consequently prevent fiber ends extending from the 
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layer from being entangled with fibers of a fiber layer sub- 
sequently applied. 

To enhance structural integrity the web may subsequently be bon- 
5 ded. Methods of bonding fibrous webs are known to those skilled 
in the art and include thermal bonding, point bonding, powder 
bonding, ultrasonic bonding, chemical bonding, mechanical entan- 
glement, and the like. The fibers may be homogenous fibers or may 
be a core/sheath or side-by-side fibers known in the art as bi- 
10 component fibers. 

In accordance with the present invention, a sheet of material as 
air-laid is continuously manufactured containing polyamine coated 
hydrogel- forming polymer particles which may be incorporated into 

15 the sheet material. In accordance with the principles of the pre- 
sent invention, it has been found, unexpectedly, that a continu- 
ous sheet can be continuously manufactured on conventional paper- 
making apparatus, using any of the wet, dry, or wet-dry processes 
to manufacture a water-absorbent sheet-like substrate containing 

20 3 0%-100% by weight of the polyamine coated hydrogel -forming poly- 
mer particles, added to form the sheet material articles of the 
present invention. Especially preferred it the air-laid process. 
The sheet materials can be manufactured having new and unexpected 
structural integrity with little or no shakeout or loss of super- 

25 absorbent particles during or after manufacture. 

The sheet material of the present invention is stable against 
delamination. However, to further increase the integrity of the 
fibrous product, it is possible to add sufficient binder only to 

3 0 maintain the integrated fibers in place. Furthermore, different 
types of binders may be introduced in the sheet-like material. 
For example, binders which are incompatible and which are 
activated in different ways may be used. Examples of such binders 
are thermo-curing acrylic: binders and binders prepared from star - 

35 ches . 

Utilizing polyamine coated super absorbent material, it could be 
shown that a higher concentration of SAP particles can be incor- 
porated in a lower portion of cellulosic fluff pulp fibers, that 
40 is from 3 0% to 100%, and in an especially preferred manner it was 
done without an increase in bicomponent ( thermal -bondable) 
fibers, and in the most preferred case absorbent air-laid fabrics 
were manufactured without the use of any bicomponent fiber at 
all. 
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It is assumed that a major reason for obtaining a strongly cohe- 
rent fibrous product by using the papermaking apparatus is that 
the fibrous product during its formation is constantly under the 
influence of the suction. There is no need to roll the fiber 
5 layer before further fibers are applied thereon. 

The resulting nonwoven fabrics were highly flexible, with a mini- 
mum of coarseness, had sufficient strength to handle through the 
process, and displayed very little SAP shake out . 

10 

In a further preferred embodiment of the present invention, it 
has been found that heating a resin for a sufficient time at a 
sufficient temperature above the Tg (glass transition 
temperature) of the resin improves the absorption properties of 

15 the resin. In accordance with one important embodiment of the 
present invention, it has been found that when a layer of the 
polyamine coated superabsorbent particles is heated to at least 
about 50 °C during sheet material manufacture (e.g., by a heated 
pressure roll or oven) , not only are the absorption properties 

20 improved, but the particles are strongly adhered to themselves 
and to any fiber or filler (e.g., clay) contained in the sheet 
material so that there is little to no loss of superabsorbent 
particles during manufacture and handling. Thus, a sheet mate- 
rial having 0%-70% by weight non-SAP fiber, and without added ad- 

25 hesive, has new and unexpected structural integrity, for the 
above-described uses, particularly diaper cores. 

The sheet materials of the present invention exhibit exceptional 
water absorption and retention properties. In addition, the sheet 

3 0 materials have an ability to absorb liquids cjuickly, demonstrate 

good fluid permeability and conductivity into and through the 
superabsorbent particles, and have a high gel strength such that 
the hydrogel formed from the superabsorbent particles, upon hy- 
dration, resists deformation under an applied stress or pressure, 
35 when used alone or in a mixture with other water-absorbing re- 
sins . 

The superabsorbent polymer containing air-laids are useful as 
diaper cores and in other catamenial or hygienic devices, absorp- 

4 0 tive pads, and wipes. 

Application of the new composites or air-laids in personal care 
products 

45 As used herein, the term "personal care products" refers to arti- 
cles that absorb and contain body fluids, and more specif icall 
refers to articles that are placed against the body of the wearer 
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to absorb and contain the various fluids discharged from the 
body. These absorbent articles typically comprise a fluid imper- 
vious backsheet, a fluid pervious topsheet and an absorbent core 
positioned between the backsheet and the topsheet. 

5 

The topsheet is compliant, soft feeling and non-irritating to the 
wearer's skin. Further the topsheet is liquid pervious permitting 
body fluids to readily penetrate through its thickness. A suita- 
ble topsheet is manufactured from a wide range cf materials such 

10 as woven and nonwoven materials; polymeric materials such as 

apertured formed thermoplastic filmd, apertured plastic films and 
hydroformed thermoplastic films, porous foams; reticulated ther- 
moplastic films and thermoplastic scrims . Suitable woven and 
nonwoven materials can be comprised of natural fibers (wood, cot- 

15 ton fibers and the like) , synthetic fibers (polymeric fibers such 
as polyester, polypropylene, or polyethylene fibers) or from a 
combination of natural and synthetic fibers. Prefered topsheets 
are selected from high loft nonwoven topsheets and aperture for- 
med film topsheets, that have a reduced tendency to allow fluids 

20 to pass back through and rewet the wearer's skin. The body 
surface of the topsheet can be hydrophilic so as to make the 
transfer of body fluids through the topsheet faster. Preferably, 
surfactant is incorporated into the topsheet, or the body surface 
of the topsheet is made hydrophilic by treating it with a 

25 surfactant. 

The topsheet is positioned adjacent the body surface of the ab- 
sorbent core. According to the invention, the absorbent core com- 
prises both substrate, preferably from woven or nonwoven, and a 
30 plurality of polyamine coated super absorbent particels incorpora- 
ted in said substrate and thus applied as composite. 

Especially prefered is the only use of the composite or air-laid 
as absorbent core. The topsheet is preferably joined to the ab- 
35 sorbent core and to the backsheet by attachment means known in 
the art . 

The backsheet is typically impervious to aqueous body fluids and 
is preferably made from a thin plastic film, although other fle- 

40 xible fluid impervious materials may also be used. The term "fle- 
xible" means the use of material, that are compliant and will re- 
adily conform to the general shape and contours of the human 
body. The backsheet prevents body fluids absorbed and contained 
in the absorbent core from wetting articles that contact such as 

45 undergarments, pants and the like. The backsheet can comprise a 
woven or nonwoven material, polymeric films such as thermoplastic 
folm of polyethylene or polypropylene, or composite materials, 
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such as film-coated nonwoven material. Preferably, the backsheet 
is a polyethylene film having a thickness of f rom about 0.012 mm 
to about 0.05 mm. Preferably the backsheet can permit vapours to 
escape from the absorbent core while still preventing body fluids 
5 from passing through the backsheet. That is the backsheet is pre- 
ferably breathable. 

According to the invention, the composite or air-laid as absor- 
bent core is positioned between the backsheet and the topsheet 
10 optionally by attachment means. 

The inventive profile of the absorbent article enables the manu- 
facture of extremely thin personal care products that are very 
comfortable in use. 

15 

Further use of the superabsorbent particles with a shell 

. ... -ii»ent particles with a shell of the invention are very 
useful as absorbents for water and aqueous fluids, can be used 

20 with advantage as an absorbent component in hygiene articles such 
as diapers, tampons or sanitary napkins and also as water retai- 
ners in agricultural market gardening, as filtration aids. 
The present invention further provides for the use of the above 
mentioned superabsorbent particles with a shell for absorbing 

25 aqueous fluids such as for example 

hygiene articles, 

storage, packaging, transportation (packaging material for 
water-sensitive articles, for example flower transportation, 
30 shock protection) 

food sector (transportation of fish, fresh meat; absorption 
of water, blood in fresh fish/meat packs) 
water treatment, waste treatment, water removal 
- cleaning 

35 - agricultural industry (irrigation, retention of meltwater and 
dew precipitates, composting additive) 

The superabsorbent particles with a shell according to the inven- 
tion are suitable for the above applications; they may be used in 
40 combination with other super absorbers , and the advantages of the 
inventive hydrogels can be combined with those of the conventio- 
nal hydrogels through an appropriate spatial configuration for 
example. 

45 
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Particularly preferred applications for superabsorbent particles 
with a shell, especially for thoses besed on fines or on mixtures 
with fines, are: 

5 - medicine (wound plaster, water-absorbent material for burn 
dressings or for other weeping wounds, rapid dressings for 
injuries; rapid uptake of body fluid exudates for later ana- 
lytical and diagnostic purposes) , cosmetics, carrier material 
for pharmaceuticals and medicaments, rheumatic plaster, ul- 

10 trasound gel, cooling gel, cosmetic thickener, sunscreen, 

thickeners for oil /water or water /oil emulsions; 
textile (gloves, sportswear, moisture regulation in textiles, 
shoe inserts, synthetic fabrics) , hydrophilicization of hy- 
drophobic surfaces; pore-forming 

15 - chemical process industry applications (catalyst for organic 
reactions, immobilization of large functional molecules (en- 
zymes) , heat storage media, filtration aids, hydrophilic com- 
ponent in polymer laminates, dispersants, liguefiers) 
building construction (sealing materials; systems or films 

20 that will self -seal in the presence of moisture; fine-pore 

formers in sintered building materials or ceramics; self -sea- 
ling insulation for water pipes or for underground pipes and 
tubes; sealing of building materials in the soil as a result 
of the SAP swelling in the moist soil with time delay and 

25 thus effecting a closure or seal; finishing of carpets and 

carpet floorings) , installation, vibration-inhibiting medium, 
assistants in relation to tunneling in water-rich ground, as- 
sistants in relation to digging and boring in water-rich 
ground, cable sheathing 

30 - fire protection (spraying of SAP gel in the case of fires 
such as for example forest fires) , 

coextrusion agent in thermoplastic polymers; production of 
films and thermoplastic moldings capable of absorbing water 
(for example agricultural films capable of storing rain and 
35 dew water; SAP-containing films for keeping fresh fruit and 

vegetables which can packed in moist films to avoid fouling 
and wilting) ; SAP coextrudates , for example with polystyrene 
carrier substance in active-ingredient formulations (drugs, 
crop protection) 

40 - agricultural industry: protection of forests against fungal 

and insect infestation, delayed release of active ingredients 
to plants . 

45 
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4 . Test Procedures 

4.1 Rewet and Acquisition Time / Laboratory core forming proce- 
dure 

Laboratory cores referred to herein, were prepared using a 
conventional laboratory procedure as follows: 

A laboratory core- forming unit is used comprising a two-cham- 
ber vacuum system forming an air laid fluff pulp-absorbent 
composite matrix to produce a 12 cm x 21 cm diaper core. The 
core-forming unit comprises a roller brush on a variable- 
speed laboratory motor, a fiber distribution screen in close 
proximity to the brush, a forming screen on an adjustable 
damper, and a vacuum system capable of supplying a consistent 
and continuous negative pressure between 8 and 15 inches of 
water . 

The core-forming unit is contained such that the vacuum pulls 
the fibers and granular material from an adjustable introduc- 
tion slide, through the rotating brush and distribution 
screen, directly onto the forming screen. The vacuum exhaust 
is recirculated through the inlet of the formation slide, 
thereby controlling the temperature and humidity of the ope- 
ration. 

When forming a core, the desired amount of defiberized fluff 
pulp is evenly disbursed in small pieces onto the brush rol- 
ler in the upper chamber. In the lower chamber, a rectangular 
tissue, or topsheet (21 cm x 12 cm) , is placed onto the for- 
ming screen. For most cores, the sliding upper chamber lid is 
partially closed to leave about a one-half inch gap. In the 
case of a homogeneous pulp/SAP core, the SAP is sprinkled 
through the gap into the upper chamber immediately after the 
brush begins rotating. In order to. achieve a homogeneous dis- 
tribution, a small amount of SAP is added to the fluff prior 
to beginning the motor. The amount of time used to introduce 
the remainder of the SAP varies with the amount of fluff pulp 
utilized. After the fiber and absorbent polymer material are 
deposited, the motor is turned off, and the damper unit con- 
taining the laboratory core is removed from the lower cham- 
ber. The uncompressed core then is placed on a backsheet made 
from a polymeric film, and put into a compression unit. At 
this time, another rectangular tissue and a nonwoven cover- 
stock is placed on top of the core. Absorbent cores are com- 
pressed for a given amount of time, typically 5 minutes, with 
a hydraulic press at pressures of between about 5,000 psi and 
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about 10,000 psi, and typically about 7,000 psi , to achieve 
the desired density. After the 5 minutes, the laboratory-pre- 
pared absorbent cores are removed from the press, weighed, 
and measured for thickness. 

5 

Laboratory cores and commercial diapers, were tested for re- 
wet under a 0.7 psi load, liquid acquisition time, and liquid 
acquisition rate. The following describes the procedure to 
determine the acquisition and rewet under load of a hygienic 
10 article, like a diaper. These tests exhibit the rate of ab- 

sorption and fluid retention of a 0.9%, by weight, saline 
solution, by a hygienic article over 3 to 5 separate fluid 
insults while under a load of 0.7 psi. 

15 Apparatus : 

100 ml separatory funnel, configured to deliver a flow rate of 7 
ml/sec, or equivalent; 

20 3.642 kg circular weight (0.7 psi) 10 cm diameter, with 2.3 8 cm 
ID perspex dose tube through the center of weight; VWR 
Scientific, 9 cm filter paper or equivalent; 2.5 kg circular 
weight (0.7 psi) — 8 cm diameter; Digital timer; Electronic ba- 
lance (accuracy of a 0.01 gram); Stopwatch. 

25 

Procedure: 

1 . Preparation 

30 (a) Record the weight (g) of the hygienic article, e.g., dia- 

per, to be tested; 
(b) Place hygienic article flat on the bench top, for 

example, by removing any elastics and/or taping the ends 
of the article to the bench top; 

35 (c) Place the 3.64. kg circular weight onto the hygienic arti- 

cle with the opening of the perspex dose tube positioned 
at the insult point (i.e., 5 cm toward the front from the 
center) . 

40 2 . Primary Insult and Rewet Test 

(a) Measure 40 ml of 0.9% NaCl solution (i.e., 0.9% by weight 
sodium chloride in deionized or distilled water) into se- 
paratory funnel. Dispense the NaCl solution into the 
45 perspex tube of the weight at a flow rate of 7 ml /sec and 

start the timer immediately. Stop the timer when all of 
the NaCl solution has completely disappeared from the 
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surface of the hygienic article at the base of the per- 
spex tube. Record this time as the primary acquisition 
time (sec) . 

(b) After 10 minutes have elapsed, remove the weight and con- 
duct the rewet test procedure: 

(i) Weigh a stack of 10 filter papers, record this value 
(dry. weight) . 

(ii) Place the filter papers over the insult point on the 
hygienic article. Set the timer for 2 minutes. 
Place the 2.5 kg weight onto the filter papers and 
start timer immediately. 

(iii) After 2 minutes have elapsed, remove the weight and 
reweigh the filter papers (wet weight) . Subtract the 
dry weight of the filter papers from the wet weight, 
this is the rewet value. Record this value as the 
primary rewet value (g) . 

3. Secondary Insult and Rewet Test 

(a) Place the 3.64 kg weight back onto the hygienic article 
in the same position as before. Repeat step 2a using 40 
ml NaCl solution (recoding the absorption time as the se- 
condary acquisition time) and steps 2b (i)-(iii) using 2 0 
filter paper (recording the rewet values as the secondary 
rewet) . 

4. Tertiary, and additional, Insult and Rewet Tests 

(a) Place the load back onto the diaper in the same position 
as before. Repeat step 2a using 40 ml of NaCl solution 
(recording the absorption time as the tertiary acquisi- 
tion time) and steps 2b (i)-(iii) using 30 filter paper 
(recording the rewet value as the tertiary or subsequent 
rewet) . 

4.2 Centrifuge Retention Capacity CRC 

This method determines the free swelling capacity of the 
hydrogel -forming polymer. Using this method, 0.2000 ± 0,0050 
g of dry hydrogel- forming polymer of size fraction 106 - 85 0 
Mm are inserted in a teabag . The teabag is placed in saline 
solution (0.9 w% sodium chloride) for 3 0 minutes (at least 
0.83 1 saline solution / 1 g polymer). Afterwards the teabag 
is centrifuged for 3 minutes at 250 G. The absorbed quantity 
of saline solution is determined by measuring the weight of 
the teabag . 



W O (13/043670 



PCT/EP02/12808 



62 

4 . 3 Absorbency Under Load AUL 

The measurement of AUL is carried out in a cylindrical cell 
from lucite (Plexiglas) with an inner diameter of 60 mm and a 
5 height of 5 0 mm. At the bottom of the cell a sieve of stain- 

less steel with meshes of 36 pm is fixed. The measuring cell 
consists further of a plate of lucite with a diameter 59 mm 
and a weight, which can be placed into the cell together with 
the plate. The weight of plate and weight together is 1345 g 

10 for AUL 0.7 psi. For determination of e.g. AUL 0.7 psi the 

weight of the empty cell and the plate is noted as value W 0 . 
After this, 0,900 ± 0,005 g hydrogel-f orming polymer (sieve 
fraction 150 - 800 \xsa) is placed in the cylindrical cell and 
homogenuously distributed onto the sieve of the cell. Then 

15 the plate is placed in the cell above the polymer particles 

and the weight of the whole measuring unit is determined as 
W a . Now the desired weight is placed onto the plate within 
the measuring system. A filter of ceramic with diameter 120 
mm and a porosity of 0 is placed in the middle of a Petri- 

20 disc of diameter 2 00 mm and a height of 3 0 mm. Now an aqiieous 

solution of 0.9 w% sodium chloride is poured into the Petri- 
disc in that way, that the surface of the solution is rised 
towards the surface of the filter plate, but without wetting 
it. Afterwards a filter paper of diameter 90 mm and pores < 

25 2 0 \ixa (trade name S&S 589 Schwarzband of Schleicher & Schtill) 

is placed onto the ceramic plate. The hydrogel-f orming poly- 
mer containing cylinder is placed together with lucite-plate 
and weight onto the filter paper and left there for 60 minu- 
tes. After this time the complete measuring unit is removed 

30 from the Petri-disc and afterwards the weight is removed. The 

weight of the cylindrical cell with the swollen hydrogel par- 
ticles and the lucite plate is measured and the weight noted 
as Wb . 

35 The AUL is calculated as follows: 

AUL 0.7 psi [g/g] = [W b -W a ] / [W a -W 0 ] 
4.4 Pressure Absorbency Index PAI 



40 



The method for the determination of the PAI (Pressure Absor- 
bency Index) is exactly written in U.S. .5 601 542 
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4.5 Saline Flow Conductivity SFC 

The method for the determination of the SFC is exactly writ- 
ten in U.S. 5 599 335 . 

5 

4.6 Gel Bulk Density 

The method for the determination of the GBD is exactly writ- 
ten in U.S. 5 834 575 

10 

4.7 Gel Bed Permeability 

The method for the determination of the GBP is exactly writ- 
ten in WO 00/62825. 

15 

4 . 8 Dry/Wet-integrity 

This test procedure outlines an approved method to quantita- 
tively determine the absorbent core integrity of hygienic 
20 products. 

Apparatus 

Texture Analyser TA-XT2 (purchased from Texture Technologies 
25 Corp.); 5 centimeter disk attachment for texture analyser; Tor- 
tilla testing apparatus; Electronic balance, accuracy of 0.01 
gram 

Materials 

30 

0.9 % NaCl solution,, with dye (1 g dye per 1 liter of solution) 
Procedure 

1.0 Setting up and Running the Texture Analyzer program: 

35 

a) Double-click the Texture Expert Exceed program icon. 

b) In User Selection window, select OK. 

c) Project Wizard will appear on screen. Select QUIT PRO- 
JECT WIZARD . 

40 d) Go to T. A. at the top of screen and select T.A. SETTINGS, 

e) Test Mode and Option: 

- Measure Force in Compression 
Return to Start 

f ) Parameters : 

45 - Pretest Speed: 10 mm/s 

- Test Speed: 0.2 mm/s 

Post Test Speed: 10.0 mm/s 
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- Distance: 35 ram 
Load Cell: 5-0.1 

g) Trigger: 

Type : Auto 
5 - Force : 5 grams 

Stop Plot at: Trigger Return 

h) Units: 

- Force : Grams 
Distance: mm 

10 i) Break: 

Detect: Off 

j) The test settings are now set and you are ready to run a 
test 

k) Select UPDATE 



15 



2 . 0 Sample Preparation: 



a) Weigh hygienic article and tape flat onto lab bench (poly 
side down) . 

20 b) Measure and determine the center of the product (x-direc- 

tion) and draw a line across the product (y-direction) . 

c) Draw another line 10 cm toward the front of product. 

d) If running a wet strength test, insult product with 50 ml 
of 0.9% NaCl solution at the insult zone (5 cm from the 

25 product center line toward the front of the product) . If 

running a dry strength test, skip this step. 

e) Cut out a 10 cm x 10 cm section of the absorbent core 
bordered by the 2 lines drawn. 

f) Carefully remove the coversheet, tissue layers, and poly 
30 film backsheet (use a metal spatula if necessary). Try 

not to disturb the absorbent core. 

g) Weigh and record the weight of the 10 x 10 section (fluff 
and SAP only) . 

h) Carefully transfer the core section into the "tortilla 

35 tester" in a star-like fashion (see diagram 1 on page 5) . 

i) Clamp the core sample in between the 2 metal plates of 
the "tortilla tester" by tightening the four brass nuts. 
For a wet strength test, tighten nuts evenly until the 
core sample begins to menisce in a convex manner. Tighte- 

40 ning any further will break the core apart. For a dry 

strength test, tighten the nuts evenly until no further 
tightening is possible without extreme effort. 

3.0 Running a Test: 

45 

a) Insert disk into drive labelled "Texture Analysis: Set- 
tings, Macros" 



_03043670A1J_> 



WO 03/043670 



PCT/EP02/I280S 



65 

b) Select FILE, select NEW, and select GRAPH WINDOW. 

c) Select T.A. and CALIBRATE FORCE using 2 kg weight. 

d) Select T.A. and RUN A TEST. 

Archive as: put an "x" in the AUTO SAVE box (save as 
5 whatever you like) 

Post-test: put an "x" in the MACRO box to run macros 
automatically 

e) In the RUN A TEST window, make sure that the PPS (points 
per second) is at 100.00. 

10 f ) Place the test unit onto the testing platform within the 

rectangular area outlined in black marker, 
g) Select RUN. 

4.0 Running the next Test: 

15 

a) Remove tested sample, clean test probe, and place next 
sample into testing unit ("tortilla tester"). 

b) Select a NEW FILE and Select GRAPH WINDOW. 

c) Check T.A. Settings and Calibrate Force after every 5 
20 tests. 

5 . 0 Notes : 

a) 2 types of tests can be run in this procedure: wet 
25 strength and dry strength of absorbent cores. The only 

difference in procedure is that the wet strength test re- 
quires 50 ml of 0.9% NaCl solution and a more cautious 
method of clamping the 10 x 10 cm core section within the 
"tortilla tester". 
3 0 b) Be very careful when removing the coversheet, tissue 

layers, and poly f ilm backsheet . Try to leave as much of 
the absorbent core intact as possible. Do not be concer- 
ned with core material that is held back by adhesive. 

c) Immediately after separating the 10 x 10 cm absorbent 
35 core section from the diaper and weighing it, test the 

section. 

d) Texture Expert Exceed is a complicated program and requi- 
res some time and patience. 

40 4.9 Performance Parameter PP 

The Performance Parameter PP is defined as Rewet-Number x Acqui- 
sition Time; the Rewet-Number is defined according to the 4 th Re- 
wet - value as follows: 



45 



Rewet 0.00 - 0.99 g Rewet-Number = 1 
Rewet 1.00 - 1.99 g Rewet-Number = 2 
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The Acquisition time is the corresponding value to the 4 th Acqui- 
10 sition time. 

4 . 9 Vortex time 

50 ml of 0.9 wt.-% saline solution is placed into a 100 ml bea- 
15 ker. The saline solution is stirred at 600 rpm using a magnetic 
stirrer (magnetic stirring bar 3 0 mm x 8 mm) . The bottom of the 
vortex should be near the top of the stir balr. Then 2 ± 0.001 g of 
SAP is quickly added into the solution but not into the center of 
the vortex to avoid lumping, and the stop watch is started. When 
2 0 the surface of the solution becomes flat, the time is stopped and 
recorded. Total time in seconds required for the vortex to close 
is the vortex time. Each SAP sample has to be run in triplicate, 
the average of the values is reported as vortex time. 

25 5. Moisture content - Weight loss upon heating 

Procedure 

Place a dish and cover into the oven for 3 h at (105 ± 2)° C. 
30 During this period, the cover shall be removed from the dish. 

At the end, the cover shall be replaced on the dish and the 
covered dish transferred to the dessicator to let cool for 3 0 
min to room temperature . 

Weigh the dish with cover to the nearest 0,001 g and record 
35 the exact weight as ir^ g. 

Remove the cover and, with the help of a "V"~shaped spatula, 
add approximately 4 , 0 g of a well-mixed representative test 
portion that shall be free- from lumps. 

Replace the cover and weigh immediately to the nearest 0,001 
40 g. Record the exact weight as m 2 g. 

Distribute the test portion in a uniform particulate layer 
over the bottom of the dish/ e.g. with the help of a spatula 
and gentle tapping. 

Place the open dish, and its corresponding cover, together in 
45 the oven at (105 ± 2 ) ° C for 3 h. 

After this period, immediately cover the dish, place it in 
the desiccator and allow to cool for 3 0 min. 
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When the dish has cooled to room temperature, remove it from 
the desiccator and weigh immediately to the nearest 0,001 g. 
Record the exact weight as m 3 g. 

Carry out at least two (2) determinations on the same well- 
5 mixed laboratory sample, simultaneously or successively, by 

the same analyst. 

Calculation and results 

10 Calculate the moisture' content MC by: 

MC=100x^Z^ % 

7772 - 7771 

15 Where: 

MC = moisture content, in % of the starting weight 
mi = mass in g, of the dried empty dish and lid 
ni2 = mass, in g, of the dish with test portion and lid, 
before drying; 

iri3 = mass, in g, of the. dish with test portion and lid, 
after drying. 



20 



25 



Examples 

Preparation of base polymer, Comparative Samples and coating pro- 
cedures : 



Example 1 

To 90 grams of acrylic acid (from BASF Corp.) add 221 grams of 
deionized water and 0.077 grams of me thylenebisacryl amide (from 
Aldrich) and stir. Add 74.94 grams of 50% NaOH slowly to the 
solution while keeping the temperature under 2 0 °C . After addition 
of NaOH cool the solution to about 10 °C and add 0.0561 grams of 
2-hydroxy-2-methyl-l-phenyl-propane (Darocur 1173 from Ciba) and 
1.823 grams of sodium persulfate (from Aldrich) .with stirring. 
Pour the solution into a 4" x 8" glass dishand polymerize for 
12.5 minutes under UV light (UV intensity = 20 mW/cm 2 ) . Extrude 
the gel through a Kitchen Aid meat grinder and dry it at 145 °C 
for one hour and then mill and size it to 180-710 |xm. 



Comparative Example 1 : 

Took the polymer, which was prepared on example 1 and surface 
coated with a mixture, which contains 0.1500 grams denacol , 
3.6950 grams of PG and .6.1250 grams of water. Weigh out 10 grams 
of base polymer and put it in a disposable beaker and add 0.4 of 



WO .03/043670 



PCT/EP02/12S08 



68 

solution (dropwise) into the SAP while stirring it. Make sure the 
coating is uniformed. Transfer the coated SAP into a 50ml beaker 
and pack it lightly. Cure the sample at 150 °C for one hour and 
then size it tol80-710|Llm. 

5 

Example 2 : 

To 292 grams of acrylic acid (from BASF Corp.) add 783 grams of 
deionized water and 0.500 grams of me thylenebisa cry 1 amide (from 

10 Aldrich) and stir. Cool the solution to about 10 °C and add 0.2 00 
grams of 2 -hydroxy- 2 -me thyl-1 -phenyl -propane (Darocur 1173 from 
Ciba) and 2.5 grams of sodium persulfate (from Aldrich) and 2.8 
grams of sodium metabisulf i te and stir. Pure the solution into a 
4" x 8" glass dish and polymerize for 12.5 minutes under UV light 

15 (UV intensity = 20 mW/cm 2 ) . Extrude the gel through a Kitchen Aid 
meat grinder and then add 159.15 grams of Na 2 C0 3 to the gel and 
extrude it again. Dry the gel at 150 °C for one hour and mill and 
size it to 180-710 j-im. 

20 Comparative Example 2: 

Took the polymer, which was prepared on example 2 and surface 
coated with a mixture, which contains 0.1500 grams denacol , 
3.6950 grams of PG and 6.1250 grams of water. Weigh out 10 grams 
25 of base polymer and put it in a disposable beaker and add 0.4 of 
solution (dropwise) into the SAP while stirring it. Make sure the 
coating is uniformed. Transfer the coated SAP into a 50ml beaker 
and pack it lightly. Cure the sample at 150 °C for one hour and 
then size it tol80-710|im. 

3 0 

Example 3 : 

To 297 grams of acrylic acid (from BASF Corp.) add 783 grams of 
deionized water and 0.528. grams of methylenebisacrylamide (from 

35 Aldrich) with stirring. Cool the solution to about 10 °C and add 
0.200 grams of 2 - hydr oxy- 2 -me thyl-1 -phenyl -propane (Darocurll73 
from Ciba) and 5.99 grams of sodium persulfate (from Aldrich) 
with stirring. Pure the solution into a 4" x 8" glass dishand po- 
lymerize for 12.5 minutes under UV light (UV intensity = 20 mW/ 

40 cm 2 ). Extrude the gel and weigh out 3 63.65 grams of gel and then 
add 55.16 grams of Na2CC>3 to the gel and then extrude again. To 
this, add 2.5 grams of ethylene glycol diglycidyl ether (denacol 
EX-810) and then extrude again. Dry the gel at 150 °C for one hour 
and mill and size it to 180-710 fim- 
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Comparative Example 3: 

Took the polymer, which was prepared on example 3 and surface 
coated with a mixture, which contains 0.15 00 grams denacol, 
5 3.6950 grams of PG and 6.1250 grams of deionized water. Weigh out 
10 grams of base polymer and put it in a disposable beaker and 
add 0.4 of solution (dropwise) into the SAP while stirring it. 
Make sure the coating is uniformed. Transfer the coated SAP into 
a 50 ml beaker and pack it lightly. Cure the sample at 150 °C for 
10 one hour and then size it tol80~710 [xm. 

Example 4 : 

To 700 grams of acrylic acid (from BASF Corp.) add 0.200 grams of 
15 Trimethylolpropanetriacrylate (TMPTA) and 660.38 grams of deioni- 
zed water while stirring. Add 305.977 grams of Na 2 C0 3 to the 
solution while keeping the mixture temperature around 50 °C . Heat 
the mixture if necessary. Raise the temperature to 57 °C. Take 22 0 
grams of this mixture and place it in a 400-ml beaker. Add 1.45 
20 grams of 15% aqueous 2,2 Azobis ( 2-methylpropionamide) dihydro- 
chloride (V-50 from Wako Chemical), 1.45 grams of 10% aqueous so- 
dium persulfate and 12.0 grams of fines (SAP product with 
particle size <106 |im. Pour the mixture into a belt tray and add 
two drops of 33% aqueous sodium persulfate and couple drops of 
25 33% aqueous sodium metabisulf ite . Dry the slab over-night at 60C 
and mill and size to 180-710 fxm- 

Comparative Example 4: 

30 Took the polymer, which was prepared on example 4 and surface 
coated with a mixture, which contains 0.1500 grams denacol , 
3.6950 grams of PG and 6.1250 grams of water. Weigh out 10 grams 
of base polymer and put it in a disposable beaker and add 0.4 of 
solution (dropwise) into the SAP while stirring it. Make sure the 

35 coating is uniformed. Transfer the coated SAP into a 50 ml beaker 
and pack it lightly. Cure the sample at 15 0 °C for one hour and 
then size it tol80-710|Xm. 

Example 5 : 

40 

Use a 4 liter glass reactor flask. Cool the acrylic acid 926% so- 
lid) and P-30 (0.5-0.8% boaa) to 10 °C and add to the reaction 
flask. Cool the deionized water to 10 °C and add to the reaction 
flask. Purge this mixture with nitrogen to displace the oxygen to 
45 a level of 1 ppm or less. This usually requires a flow of 10 

scfm of nitrogen for 20 mins . Continue bubbling nitrogen and add 
the iron ( 0 . 2ppm boaa) and wait 2 minutes. Then add the ascorbic 
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acid (0.011% boaa) and wait for 2 minutes while still bubbling 
the nitrogen into the reaction flask. Then add the hydrogen per- 
oxide (0.011% boaa) while still bubbling the nitrogen into the 
reaction flask. After several minutes the reaction will initiate 
5 and polymer will begin to form. At this point discontinue bub- 
bling nitrogen into the flask. After 12 hours the reaction is 
completed and the polymer can be removed from the reaction flask. 
Take the reacted gel and pass it through a laboratory meat grin- 
der with an extruder plate to break the stiff gel down into smal- 

10 ler particles for further treatmnent. Then add the sodium sili- 
cate and pass thru the meat grinder 2 more times . Then add the 
sodium hydroxide and pass it through the meat grinder 2 more ti- 
mes. Finally, add the sodium bisulfite to the gel and pass it 
through the meat grinder 2 more times. The gel is now ready for 

15 drying on a steam heated drum dryer. After drying, mill the dried 
polymer to reduce the particle size to 850 microns/106 microns. 

Calculations for the various components in the coating solution 

20 (1) Polyamine: 

Amount of polyamine added is a percentage based on dry weight 
of super absorbent polymer. 

25 Example: 1 wt% polyamine for 50 grams of super absorbent poly- 

mer: 0.5 grams dry weight polyamine in aqueous solution (per- 
cent solids of polyamine range from 8-33%) 



(2) Crosslinking Agent (c.a.): 

30 

Grams of crosslinker = ( (g polyamine) (% solids) (mole% of 
c.a. ) (224) ) /43 

(3) Wetting Agent (w.a.) : 

35 

If total amount of c.a. and w.a. is 2% (based on dry SAP) 
then the amount of w.a. will be: 

Grams wetting agent = (Total c.a. and w. a.) - (c.a.) 

40 

Coating of the super absorbent base polymer 



Weigh superabsorbent base polymer and place it into mini food 
processor (Cuisinart mini prep model #: DLC-1TX) . Add required 
45 amount of propylene glycol to denacol and stir it (500 rpm) for 
one minute (Add denacol to the solution right before coating) . 
Add the coating solution (dropwise) into the SAP while stirring 
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it in a slow speed for 4-5 minutes. Coat the particle uniformly. 
One needs to work fast because polyamine will gel in the presence 
of x-linker. To avoid gelling, one could spray denacol and 
propylene glycol simultaneously into the SAP particles. Spread 
5 the coated polymer on a cookie sheet. Do not over load. Cure it 
at 120 °C for one hour. Mill and size it (180-710 jLim) . 

Composites from polyamine coated superabsorbent polymer particles 

10 The procedures of forming composites are exactly written below in 
"Procedure of forming composites containing polyamine coated 
hydrogel- forming polymer" 

Air-laids from polyamine coated superabsorbent polymer particles 

15 

The procedures of forming air-laids are exactly written below in 
"Procedure of forming air-laids containing polyamine coated 
hydrogel-f orming polymer 

20 Production of Sheet Material for Air-LaidTesting 

Airlaid sheet materials were made on a commercial pilot line. Ge- 
neral considerations on making airlaid product in this line with 
SAP is that it is difficult to make the product (especially at 

25 low basis weight, e.g., 200 gsm (grams per m 2 ) which contain in 
excess of 50% SAP, unless there is an increase in bicomponent fi- 
ber (from 5% to 10% by . weight or more, based on the dry weight of 
the sheet material) . Even with increasing bicomponent fiber, the 
upper limit is about 60% SAP as the mat does not have enough in- 

3 0 tegrity to be handled and processed. Even in these cases, the 
tendency of the granular SAP to be lost from the web is substan- 
tial. 

A product was made from 2 0% to 8 0% SAP content, with 5% bi- 
35 component fiber, and also at 50% and 80% with no bicomponent fi- 
ber. It is not feasible to make such a structure with, no bi- 
component fiber, utilizing conventional SAP and no other adhesive 
or bonding additive. 

40 Specifics of articles made and the basic steps that were followed 
are outlined as follows: 



45 
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Airlaid Production At Pilot Line 

Polyamine coated superabsorbent particles were used to make thin, 
highly densified airlaid nonwoven fabrics in roll form. Controls 
5 of conventional polyacrylate. salt (sodium polyacrylate) SAP fa- 
brics were also made when possible. 

The process of forming these airlaid products involved the follo- 
wing steps: 

10 

A standard tissue sheet, of approximately 18-g/m 2 basis weight 
(BW) and appropriate porosity, was utilized as a carrier sheet 
for the subsequent mat to be supported on the forming wires. 
This carrier sheet was conveyed by the forming screen under seve- 

15 ral forming heads to which fluff pulp fibers, optionally bi- 

component fibers, and the absorbent water-absorbent resin parti- 
cles were conveyed by air, mechanically and pneumatically disper- 
sed, and deposited upon the moving carrier sheet by a vacuum pul- 
led from below the forming screen. The cellulosic fluff pulp 

20 fibers were generated from a fluff pulp roll that was metered to 
a hammermill that broke the pulp down into the component fibers 
and dispersed them into the conveying air. The bicomponent 
fibers, when used, were separated from bales, and metered into 
the conveying air by appropriate equipment. The granular poly- 

25 amine coated superabsorbent particles were metered into the con- 
veying air by a loss in eight feeder. 

The mats were compacted by nip rollers utilizing high pressure, 
e.g., 5,000-10,000 psi, and at slightly elevated temperature, ap- 
30 proximately 40-60 °C, then conveyed through a thru-air oven, ope- 
rating at about 135 °C. The heated web was then conveyed through 
a calender roll, also under high pressure and slightly elevated 
temperature. The mat was then optionally wound or slit to obtain 
an absorbent fabric of desired length and width. 

35 

During the process of making the. airlaid absorbent fabrics, it 
was demonstrated that utilizing this type absorbent material al- 
lowed a higher concentration of SAP particles to be incorporated 
in a lower portion of cellulosic fluff pulp fibers, from 60% to 
40 100%, and it was also possible to do this without an increase in 
bicomponent (thermal -bondable) fibers, and in fact was possible 
without the use of any bicomponent fiber at all. 

The resulting nonwoven fabrics were highly flexible, with a mini- 
45 mum of coarseness, had sufficient strength to handle through the 
process, and displayed very little SAP shakeout . 
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It has been found that heating a resin for a sufficient time at a 
sufficient temperature above the Tg (glass transition 
temperature) of the resin improves the absorption properties of 
the resin. In accordance with one important embodiment of the 
5 present invention, it has been found that when a layer of the 
polyamine coated superabsorbent particles is heated to at least 
about 50 °C during sheet material manufacture (e.g., by a heated 
pressure roll or oven) , not only are the absorption properties 
improved, but the particles are strongly adhered to themselves 

10 and to any fiber or filler (e.g., clay) contained in the sheet 
material so that there is little to no loss of superabsorbent 
particles during manufacture and handling. Thus, a sheet mate- 
rial having 0%-40% by weight non-SAP fiber, and without added ad- 
hesive, has new and unexpected structural integrity, for the 

15 above-described uses, particularly diaper cores. 

Results 

Polyamine-coated absorbent material having high values of CRC and 
20 composites / air laids made thereof 

By gel coating base polymers with polyvinyl amine or polyethyle- 
neimine it is possible to control the properties of the SAP. The 
acquisition time and rewet values could be adjusted by percentage 

25 of amine and coating solution. The following examples based on 
Base Polymer (Example 1) , which has been coated with different 
amounts of polyvinyl amine PVAm. The PVAm solution which was used 
has larger amount of sodium formate. The existing sodium formate 
in the polyvinylamine-solution has been used as crosslinker. The 

30 curing temperature was 12 5 °C. To get a manageable rewet value, 

the percentage of PVAm should not exceed 2%. The hydrogel- forming 
polymer particles are coated with about 0.1% to about 4% by 
weight, of the polyamine. Preferred ranges are 0,25% to 2%. 

35 Samplel: 

PVAm solution with e qui -molar amount of formate and active amine: 

Coating of the superabsorbent base polymer With PVAm: 

Weigh 5 0 grams of superabsorbent . base polymer (from example 5) 
and place it into mini food processor (Cuisinart mini prep model 
#: DLC-1TX) . Add required amount of 40K polyvinyl amine (PVAm) , 
which has 8.1% solid (from BASF), to your propylene glycol (PG) 
and stir it (500 rpm) for couple minutes (see Table 1) . Add the 
coating solution (dropwise) into the SAP while stirring it in a 
slow speed for 4-5 minutes. Coat the particle uniformly. Spread 
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the coated polymer on a cookie sheet. Do not over load. Cure it 
at 120 °C for one hour. Mill and size it (180-710 jam) . 

Table 1: 





PVAm Solution(gr-) 


PG (gr.) 


Sample 1A 


1.54 


1.00 


Sample IB 


3.09 


1.00 


Sample 1C 


12.35 


1.00 


Sample ID 


18.52 


1.00 



10 







Rewet Under No Load(g) 


Acquisition Time 
L 


Under 
oad(s) 


ID 


Prod. Wt. 


1 


2 


3 


4 


1 


2 


3 


4 


Sample 1A 


15.79 


0.11 


0.13 


0.17 


1.74 


112.5 


214.3 


290.9 


353.9 


Sample IB 


15.9 


0.12 


0.06 


0.33 


2.82 


95.5 


146.5 


212.2 


275.2 


Sample 1C 


15.92 


0.15 


0.11 


0.33 


3.04 


106.6 


143.8 


162.3 


198.7 


Sample ID 


15.82 


0.1 


0.6 


3.4 


9.27 


107.0 


85.7 


99.0 


110.6 


Comparative 
Example 1 


15.96 


0.15 


0.09 


0.21 


2.28 


113.1 


267.5 


368.4 


478.7 



15 



20 



25 



ID 


AUL(0.3psi) 


CRC 


Sample 1A 


24.6 


26.94 


Sample IB 


23.5 


26.03 


Sample 1C 


16.46 


25.13 


Sample ID 


16.03 


23.84 



Determination of rewet and acquisition time confirm the best per- 
formance found above. If the amount of polyvinylamine is too low, 
only small changes in acquisition time are found compared to un- 
coated samples. If the amount of polyvinylamine is too high, the 
30 rewet turns to worse and the values for rewet will rise. 

Further tests show, that the polyamine-coating performs the best 
with base polymer having a residual water content of less than 10 
w%. Further comparatative examples are coated base polymers, 
35 W hich coating has not been crosslinked, that is, the polyamine is 
added without crosslinker, and, coated base polymers, which show 
covalent bondings between core and shell because of crossl inking 
at temperatures of more than 150 °C (See Samples 3 and 4) . 

40 Sample 2 : 

PVAm solution with reduced' sodium formate: 

Weigh 50 grams of super absorbent base polymer (from Sample 2) and 
45 place it into mini food processor (Cuisinart mini prep model #: 
DLC-1TX) . Add required amount of PG to the required amount of 4 OK 
polyvinylamine (PVAm), which has 8.3% solid content (from BASF) 
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and stir it (see Table 2). Add the exact amount of denacol to the 
above solution right before coating. Add the coating solution 
(dropwise) into the SAP while stirring it in a slow speed for 4-5 
minutes. Coat the particle uniformly. Spread the coated polymer 
5 on a cookie sheet. Do not over load. Cure it at 120 °C for one 
hour. Mill and size it (180-710 |Lim) . 



Table 2: 



15 





PVAm Solution(gr.) 


PG (gr.) 


Denacol (gr.) 


Sample 2 A 


1.36 


0.980 


0.020 


Sample 2B 


2.72 


0.039 


0.961 


Sample 2C 


4.08 


0.059 


0.941 


Sample 2D 


5.43 


0.078 


0.922 


Sample 2E 


10.87 


0.158 


0.844 


Sample 2F 


10.87 


1.00 


0.00 


Sample 2G 


16.30 


0.234 


0.766 


Sample 2H 


21.74 


0.313 


0.687 





Rewet Under No Load(g) Acquisition Time Under 

Load(s) 


ID 


Prod. Wt. 


1 


2 


3 


4 


1 


2 


3 


4 


Sample 2F 


15.90 


0.15 


0.10 


0.24 


2.34 


118.2 


249.4 


357.2 


468.3 


Sample 2E 


15.92 


0.15 


0.11 


0.33 


3.04 


106.6 


143.8 


162.3 


198.7 


Comparative Example 1 


15.96 


0.15 


0.09 


0.21 


2.28 


113.1 


267.5 


368.4 


478.7 



ED 


AUL(0.3psi) 


CRC 


Sample 2F 


15.2 


21.2 


Sample 2E 


16.46 


25.13 



30 Sample 3: 

Moisture Reintroduction into the SAP: 

Dried (see Moisture Content-Weight Loss Upon Heating) the base 
35 polymer which was made according to example 1 and introduced 12 
and 17% of water to make polymer with 15 and 20% moisture con- 
tents (after drying, the base polymer had about 3% retained 
water). These polymers were, coated as in Sample 1C using 12.35 
grams of PVAm solution and 1.00 gram of PG. 



40 





Dried SAP (gr.) 


di-H20 (gr.) 


Sample 3A (15% Water) 


50 


6.00 


Sample 3B (20% Water) 


50 


8.50 



45 
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Rewet Under No Load(g) Acquisition Time Under 

Load(s) 


YD 


Prod. 
Wt. 


1 


2 


3 


4 


1 


2 


3 


4 


Sample 3 A, (15 w% retained 
water) 


15.80 


0.13 


0.17 


0.37 


2.38 


112.3 


225.3 


319.2 


322.7 


Sammple 3B, (20 w% re- 
tained water) 


15.82 


0.14 


0.21 


0.39 


2.59 


115.2 


238.9 


329.4 


334.5 


Comparative Example 1 


15.96 


0.15 


0.09 


0.21 


2.28 


113.1 


267.5 


368.4 


478.7 



10 



ID 


AUL(0.3psi) 


CRC 


Sample 3 A, (15 w% retained water) 


16.6 


25.8 


Sammple 3B, (20 w% retained water) 


17.3 


25.5 



15 Sample 4 



The base polymer from Example 1 (50 grams) was coated as in Sam- 
ple 2E using 10.87 grams of 8.3% PVAm, 0.15 8 grams PG and 0.844 
grams EDDGE. The cure temperature was 150 °C instead of 12 0 °C . 





Rewet Under No Load(g) Acquisition Time Under 

Load(s) 


ID 


Prod. 
Wt. 


1 


2 


3 


4 


1 


9 


3 


4 


Sample 4A, crosslinking at 
150 °C 


15.90 


0.13 


0.08 


0.19 


2.48 


114.8 


318.4 


423.8 


633.9 


Comparative Example 1 


15.96 


0.15 


0.09 


0.21 


2.2S 


113.1 


267.5 


368.4 


478.7 



20 



25 



ID 


AUL(0.3psi) 


CRC 


Sample 4A, crosslinking at 150 °C 


18.3 


26.8 



30 



Base Polymer containing silicate as crosslinker 



35 



40 



45 



A 10 L capacity polyethylene vessel, well insulated by foamed po- 
lymer material, is charged with 3400 g of demineralized water and 
1400 g of acrylic acid. 6 . 3 g of pentaerythritol triallyl ether 
are then added as copolymerization crosslinker. At a temperature 
of 4 °C, the initiators, consisting of 2.2 g of 2 , 2 * -azobisamidi- 
nopropane dihydrochloride , dissolved in 2 5 g of demineralized 
water, 4 g of potassium peroxodisulf ate , dissolved in 150 g of 
demineralized water, and 0.4 g of ascorbic acid, dissolved in 25 
g of demineralized water, are added in succession stirred in. The 
reaction solution is then left to stand without stirring, and the 
temperature of the polymerization rises to about 94 °C. A solid 
gel is obtained, and this gel is subsequently mechanically commi- 
nuted. A mixture of 652.4 g of sodium silicate solution contai- 
ning 2 6.8 wt.-% Si0 2 and 10.55 wt . -% Na 2 0 and 973.0 g of an 
aqueous 50 wt.-% solution of NaOH is added to the gel and mixed 
in by putting the gel two times through a kitchen meat chopper. 
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The gel is then dried, ground and classified to a particle size 
distribution of 100 - 850 pim. 

1 kg of the base polymer is sprayed in a plowshare mixer with the 
5 following solutions (simultaneously, but via two nozzles) : 





Example 


Nozzle 1 


Nozzle 2 


10 


1 


g or pojy vinyl amine solution 


u.jr g oi einyiene giyKoi Disgjyciayi ernei 
15 g of propylene glykol 
15 g of demineralized water 




Z 


12.5 g of poly vinyl amine solu- 
tion* 


0.05 g of ethylene glykol bisglycidyl ether 
15 g of propylene glykol 
15 g of demineralized water 


15 


D 


5.0 g of poly vinyl amine solution* 


u.j g oi einyiene giyKoi Disgiyciayi etner 
15 g of propylene glykol 
15 g of demineralized water 




4 


20 g of poly ethylene imine solu- 
tion** 


1.5 g of ethylene glykol bisglycidyl ether 
15 g of propylene glykol 
15 g of demineralized water 


20 


5 


20 g of poly ethylene imine solu- 
tion** 


0.3 g of ethylene glykol bisglycidyl ether 
15 g of propylene glykol 
15 g of demineralized water 


25 


6 


12.5 g of poly ethylene imine solu- 
tion** 


0.05 g of ethylene glykol bisglycidyl ether 
15 g of propylene glykol 
15 g of demineralized water 



* poly vinyl amine solution: 25 % strength by weight aqueous 

solution of poly vinyl amine 
(K value of 30) 

** poly ethylene imine solution: Polymin G 100 (trade product from 

BASF AG, 50 % strength by weight 
aqueous solution of poly ethylene 
imine ) 



The mixtures are then heated in a laboratory drying oven at 100 °C 
for 60 minutes. The products described herin have the following 
properties: 



40 



45 



Sample 


CRC 


AUL 0.01 


AUL 0.29 


AUL 0.57 


AUL 0.90 


PAI 






psi 


psi 


psi 


psi 




1 


26.1 


44.5 


27.2 


17.8 


11.9 


101.4 


2 


27.1 


42.3 


22.9 


17.1 


13.1 


95.4 


3 


25.0 


40.2 


25.8 


17.9 


15.9 


99.8 


4 


25.9 


40.7 


26.1 


21.4 


11.4 


99.6 


5 


28.1 


38.2 


26.5 


11.4 


8.9 


85.0 


6 


30.1 


41.7 


21.2 


9.4 


7.4 


79.7 
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5 





Rewet Under No Load(g) 


Acquisition Time Under Load(s) 


Sample 


1 


2 


3 


4 


1 


2 


3 


4 


1 


0.09 


0.12 


0.15 


1.6 


107.6 


87.9 


95.3 


104.7 


2 


0.1 


0.19 


0.19 


3.5 . 


147.3 


107.3 


117.9 


124.1 


3 


0.07 


0.23 


0.26 


9.5 


158.9 


245.5 


273.8 


258.4 


4 


0.09 


0.13 


0.18 


1.26 


119.7 


104.3 


113.5 


110.7 


5 


0.03 


0.16 


0.17 


1.88 


129.8 


126.2 


109.9 


113.4 


6 


0.05 


0.18 


0.19 


2.97 


147.9 


154.2 


162.0 


165.4 



10 Composites or Air-Laids containing polyamine coated super- 
absorbent polymer with high CRC 

Composites or air-laids containing polyamine coated super- 
absorbent polymer with high CRC show an excellent acquisition 
15 behaviour as well as high absorptive capacities and low rewets at 
the same time. Polyamine coated superabsorbent polymers showing 
improved acquisiton rates compared with uncoated polymers of same 
CRC or SFC values . 

20 The following superabsorbent polymers were tested in 60/40 cores 
(SAP/Fluff). The conditions are the following: 10.000 lb compres- 
sion, 12 x 21 cm core, 9 g SAP / 6 g Fluff. 

The following tables show compairisons of the acquisition 
25 behaviour of conventional SAP and polyamine coated SAP 

Conventional Superabsorbent Polymer 

Acquisition Rate (ml/s) 



30 


Sample 


SFC 


CRC 

(g/g) 


l(40ml) 


2(40ml) 


3(40ml) 


4(40ml) 


35 


Comp.Ex 4 
Comp.Ex 2 
Comp.Ex 1 
Comp.Ex 3 


0 

27.8 
77.3 
164.6 


32.2 
28.3 
26.8 
23.6 


0.414 
0.363 
0.386 
0.476 


0.131 
0.139 
0.166 
0.245 


0.073 
0.103 
0.116 
0.178 


0.060 
0.083 
0.098 
0.143 



40 



45 
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Polyamine Coated Superabsorbent Polymer 

Acquisition Rate (ml/s) 





Sample 




SFC 


CRC 


l(40ml) 


2(40ml) 


3(40ml) 


4(40ml) 


5 






Cg/g) 












1 


0% de- 
nacol 


5.0 


25.12 


0.405 


0.251 


0.214 


0.167 




2 


2% de- 
nacol 


65.8 


22.84 


0.470 


0.352 


0.308 


0.259 


10 


3 


3% de- 


84.7 


zi.y / 


U.3Z1 


fl ACiA 


U..J.3 1 


\J . — y 




nacol 
















4 


4% de- 
nacol 


50.4 


21.70 


0.518 


0.382 


0.301 


0.271 




5 


0% de- 
nacol 


6.4 


33.94 


0.246 


0.190 


0.147 


0.122 


15 


6 


3% de- 
nacol 


39.5 


26.36 


0.434 


0.273 


0.238 


0.201 




7 




31.0 


22.45 


0.553 


0.339 


0.255 


0.218 



Comparing conventional superabsorber and superabsorber of the in- 
20 vention, it was found that superabsorber of the invention is su- 
perior regarding acquisition times, if superabsorbers with similar 
sfc or CRC are compared. 

The Fluff used for the examples of this chapter contained bi- 
component fibers. For showing the improved adhesion of polyamxne 
coated superabsorbents , comparative examples were exhibited with 
Fluff containing no bicomponent fibers. Composites or air-laids 
made thereof have unexpectedly high loadings of superabsorbent 
polymers and can be manufactured without bicomponent fiber or 
30 binder while providing excellent structural integrity with little 
to no shakeout or loss of superabsorbent particles from the sheet 
material . 

Dry and Wet Integrity: 

35 

By looking at average force it is obvious that dry and wet inte- 
grity of the polyamine coated SAP are superior than the conven- 
tional SAP. 

40 



45 
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Table 3: 



Dry- Integri ty 



Sample ID 


Product 


Product 


Dis- 


Force 1 


Area-FD 


Grad.-FD 


Ave. 






tance 1 




1:2 


1:2 






Height 


Weight 


mm 


g 


g.mm 


g/mm 


Force 




mm 




Dis- 


Force 1 


Area-FD 


Grad.-FD 








tance 1 




1:2 


1:2 








1, 0.25%Unpure PVAm 


100.00 


5.81 


12.98 


1336.44 


7326.85 


102.42 




1 , 0.25%Unpure PVAm 


100.00 


6.09 


11.56 


1443.89 


6245.67 


124.28 


i ion i ^ 


2, 0.5%Unpure PVAm 


100.00 


6.56 


14.93 


1257.31 


8422.91 


83.76 




2, 0.5%Unpure PVAm 


100.00 


6.48 


12.24 


1476.48 


7879.95 


119.95 


1 1« on 

lioo.yu 


3, l%UnpurePVAm 


100.00 


6.94 


12.26 


1523.90 


8495.88 


123.47 




3, l%UnpurePVAm 


100.00 


6.54 


12.44 


1431.81 


6713.01 


114.41 


1477.86 


4, 0.25 %Pure PVAm 


100.00 


6.11 


11.33 


1171.76 


5082.21 


102.85 




4, 0.25 %Pure PVAm 


100.00 


6.81 


12.86 


1625.18 


9345.79 


125.59 


1398.47 


5, 0.5%PurePVAm 


100.00 


6.31 


16.39 


1182.55 


9923.70 


71.71 




5, 0.5%PurePVAm 


100.00 


6.86 


13.07 


1617.16 


10115.69 


123.05 


1399.85 


6, l%PurePVAm 


100.00 


6.15 


12.13 


1228.91 


6755.07 


100.65 




6, l%PurePVAm 


100.00 


6.S4 


12.04 


1776.73 


8939.65 


146.53 


1502.82 


7, Neut. W/ H3P04 


100.00 


6.40 


13.59 


1440.30 


S190.18 


105.46 




7, Neut. W/ H3P04 


100.00 


6.72 


13.62 


1623.16 


9636.16 


118.69 


1531.73 


Comp. Example 1 


100.00 


6.31 


11.62 


1173.44 


5070.31 


100.37 




Comp. Example 1 


100.00 


6.51 


15.23 


1512.95 


11900.31 


98.79 


1343.20 



25 Wet-Integrity 



35 



Sample 


Product 
Weight 


Distance 1 


Force 1 


Area-FD 1:2 


Grad.-FD 1:2 


Ave. 




g 


mm 


g 


g.mm 


g/mm 


Force 






Distance 1 


Force 1 


Area-FD 1:2 


Grad.-FD 1:2 


















1, 0.25%Unpure PVAm 


6.29 


15.32 


331.04 


2487.86 


21.14 




1, 0.25%Unpure PVAm 


6.19 


12.80 


260.53 


1754.44 


19.77 


295.78 


2, 0.5%Unpure PVAm 


5.92 


15.69 


308.98 


2479.01 


19.26 




2, 0.5%Unpure PVAm 


6.47 


16.48 


325.14 


2737.33 


19.26 


317.06 


3, l%UnpurePVAm 


6.11 


16.15 


301.01 


2679.72 


18.15 




3, l%UnpurePVAm 


6.60 


15.23 


347.78 


2530.93 


22.39 


324.39 


4, 0.25%Pure PVAm 


6.50 


15.09 


304.69 


2206.73 


19.78 




4, 0.25 %Pure PVAm 


6.24 


13.86 


274.81 


1881.91 


19.40 


289.75 


5, 0.5%PurePVAm 


6.13 


14.80 


276.31 


2128.27 


18.24 




5, 0.5 %Pure PVAm 


6.36 


14.44 


314.14 


2234.10 


21.26 


295.22 


6, l%PurePVAm 


6.13 


16.09 


285.35 


2383.64 


17.30 




6, l%PurePVAm 


6.62 


14.23 


303.21 


2028.34 


20.98 


294.28 


7, Neut. W/H3P04 


6.29 


14.90 


245.88 


2021.67 


16.05 




7, Neut. W/H3P04 


6.75 


14.30 


330.81 


2263.92 


22.60 


288.35 


Comp. Example 1 


6.22 


13.66 


252.51 


1676.20 


18.04 




Comp. Example 1 


6.32 


.15.82 


292.73 


2425.26 


18.06 


272.62 



tNSDOCID: «rWO. 



03043670A1 J_> 



WO 03/043670 

Summary of the results 



81 



PCT/EP02/12808 



It could be shown that the hydrogel- forming particles performs 
the best, which were coated with cationic compounds as polyviny- 
5 lamines or polyethylene imines . Preferred are the base polymers, 
which are - even only partially - crosslinked with silica / alu- 
minates / alumosilicates . Said base polymers show the best acqui- 
sition times and rewets after coating with cationic compound. 

10 Comparative examples show, that a crosslinker has to be added to 
the cationic compound to get superior acquisition times. 

Further examples show that the performance of control samples 
which were coated with polyamines at temperatures > 150 °C was 
15. even worse. At that temperatures covalent bondings of polyamine 
onto the superabsorber surface are present. According to our in- 
vention we chose temperatures of about 100 °C to prevent covalent 
bondings . 

20 Further results show that there are also some different results 
using base polymer which is surface crosslinked compared to base 
polymers without surface crosslinking . The coating of surface 
crosslinked base polymers leads to superabsorbent particles which 
show high AUL values and improved performance; but on the other 

25 hand their performance (acquisition time, rewet) is quite bad. 
According to our invention, . we use base polymer without surface 
crosslinking. Thus the degree of crosslinking is lower, and the- 
refore the absorption capacities somewhat higher. 

30 It could be shown that composites or air-laids comprising hydro- 
gel-forming particles which were coated with cationic compounds 
as polyvinylamines or polyethylene imines performs the best. 

The above data show that the composites or air-laids of the pre- 
35 sent invention have excellent structural integrity in a nonwoven 
fabric utilizing only polyamine coated superabsorbent material 
and a small amount of cellulosic or other comparable fibers /car- 
rier, even with no or an optional small proportion of other bin- 
ding material, such as bicomponent fiber. The sheet materials 
40 provide enhanced economics, feel and performance. Without the 

need for binder, manufacturing costs are lower as well as enhan- 
ced absorbency upon hydration by aqueous fluids in use. 

The minimum of shakeout and loss of the granular absorbent resin 
45 particles is of significant importance to manufacture, conver- 
( sion, and use of the absorbent fabric. 
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Overall, the data presented demonstrate that a diaper core of the 
present invention, containing an composites or air-laids of poly- 
amine coated super absorbent material, maintains a flat, essen- 
tially constant, or surprisingly a decreased, acquisition time 
5 over five insults, whereas prior cores demonstrate an increased 
acquisition time as the number of insults increase. 

Polyamine-coated absorbent material having improved permeability 
and composites / air laids made thereof. 

10 

The following examples concern coated absorbent particles having 
improved permeability. Said absorbent particles exhibit improved 
permeability without tendency to gel-blocking by unchanged high 
CRC. Composites or air-laids made thereof show an improved per- 
15 meability. 

Dependence of crosslinker content, procedure and reaction tempe- 
ratures 

20 Base polymer preparation: (Sample 1 to 7) 

A 10 L capacity polyethylene vessel, well insulated by foamed po- 
lymer material, is charged with 3400 g of demineralized water and 
1400 g of acrylic acid. 14.0 g of pentaerythritol triallyl ether 

25 and 75 . 0 g of a 15 % strength by weight aqueous solution of a po- 
lyamidoamine-epichlorhydrin adduct (RETEN 2 04 LS from Hercules) 
are then added as crosslinker. At a temperature of 4 °C , the in- 
itiators, consisting of 2.2 g of 2 , 2 » -azobisamidinopropane 
dihydrochloride, dissolved in 25 g of demineralized water, 4 g of 

30 potassium peroxodisulf ate , dissolved in 15 0 g of demineralized 

water, and 0 . 4 g of ascorbic acid, dissolved in 25 g of deminera- 
lized water, are added in succession stirred in. The reaction 
solution is then left to stand without stirring, and the 
temperature of the polymerization rises to about 93 °C. A solid 

35 gel is obtained, and this gel is subsequently mechanically commi- 
nuted and adjusted to pH 6,0 by addition of 50 % strength by 
weight sodium hydroxide solution The gel is then dried, ground 
and classified to a particle size distribution of 100 - 850 \im. 

40 Surface crosslinking examples: 

1 kg of the base polymer is sprayed in a plowshare mixer with the 
following solutions (simultaneously, but via two nozzles) : 
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Sam- 
ple 


Nozzle 1 


Nozzle 2 


1 


20 g of poly vinyl amine solution* 


2.0 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 


2 


12.5 g of poly vinyl amine solution* 


1.5 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 


3 


20 g of poly ethylene imine solution** 


1 .0 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 


4 


20 g of poly ethylene imine solution** 


2.0 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 


5 


20 g of poly ethylene imine solution** 


1 .0 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 


6 


10.0 g of poly ethylene imine solu- 
tion** 


2.0 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 


7 




0.2 g of ethylene glykol bisglycidyl ether 
10 g of propylene glykol 
20 g of demineralized water 



10 



15 



20 



25 



30 



* poly vinyl amine solution: 25 % strength by weight aqueous 

solution of poly vinyl amine 
(K value of 30) 

** poly ethylene imine solution: Polymin G 100 (trade product from 

BASF AG, 5 0 % strength by weight 
aqueous solution of poly ethylene 
imine) 



35 



The mixtures are then heated in a laboratory drying oven at 100 
for 60 minutes. The products described herein (all of white co- 
lor) have the properties shown in table 1. 

Comparative sample (Sample 8 to 10) : 



40 



45 



Sample 8 : 

1 kg of the base polymer is sprayed in a plowshare mixer with a 
solution consisting of 2 . 0 g of ethylene glykol bisglycidyl 
ether, 10 g of propylene glykol and 20 g of demineralized water. 
The mixture is the heated in a laboratory drying oven at 100 °C 
for 6 0 minutes. The dried product is then placed again in a 
plowshare mixer and sprayed' with a mixture consisting of 2 0 g of 
a poly vinyl amine solution (25 % strength by weight aqueous 
solution of poly vinyl amine., K value of 30) and 10 g of demine- 
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ralized water. The mixture is then heated in a laboratory drying 
oven at 100 °C for 60 minutes. 



' Sample 9 : 

5 

1 kg of the base polymer is sprayed in a plowshare mixer with a 
solution consisting of 20 g of a poly vinyl amine solution (25 % . 
strength by weight aqueous solution of poly vinyl amine., K value 
of 30), 10 g of propylene glykol and 2 0 g of demLnera.lized water, 
10 The mixture is the heated in a loboratory drying oven at 100 °C 
for 60 minutes . 

Sample 10: 

15 1 kg of the base polymer is sprayed in a plowshare mixer with a 
solution consisting of 20 g of a poly vinyl amine solution (25 % 
strength by weight aqueous solution of poly vinyl amine., K value 
of 30), 10 g of propylene glykol and 20 g of demineralized water. 
The mixture is the heated in a laboratory drying oven at 180 °C 

20 for 60 minutes. A product with yellow-brown color is obtained. 



Table 1 



Sample 


CRC 


GBP 


1 


20.4 g/g 


2150 


2 


23.0 g/g 


1100 


3 


22.8 g/g 


1150 


4 


20.3 g/g 


1580 


5 


21.5 g/g 


1080 


6 


22.1 g/g 


950 


7* 


22.6 g/g 


390 


8* 


20.8 g/g 


450 


9* 


24.7 g/g 


120 


10* 


14.2 g/g 


1120 



Comparative example 



Despite there are only small differences in CRC for the different 
examples (except example 10) the method of coating and the amount 
of crosslinker in the coating solution determines the GBP. As 
found by our experiments, the amount of crosslinker in the 
amount of polyamine to SAP should be in the range of 2 w% to 4 w% 
refered to the total amount of coating solution to give good re- 
sults in GBP. Further - as seen from example 8 - the heating pro- 
cess has to be after completion of addition of both components of 
coating. Example 10 shows us that the best products can be get by 
temperatures of lower than 150 S C, preferably lower than 100 a C. 



40 



45 
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Otherwise covalent bondings will strongly decrease the GBP re- 
sults . 

Comparison of polyamine surface crosslinking with conventional 
5 surface crosslinking 

Table 2 

The base polymer was prepared acording to Example 3 and was coa- 
10 ted with standard denacol coating. 



Standard Denacol EX-810 Surface Crosslinking 



Sample 


Denacol, 


CR 


CRC 


AUL 


GBP 


ppm 






0.7 




1 


600 


0.04 


19.8 


L 22 - 8 


336.35 


2 


1000 


0.04 


19.5 


22.1 


356.97 


3 


2000 


0.04 


19.2 


22.1 


384.09 


4 


3000 


0.04 


19.2 


. 22.2 


333.34 



20 

Table 3 

The base polymer was prepared according to Example 3 and was coa- 
ted with Polyamine. The differences in the samples lies in the % 
25 of denacol which was used to make the base polymers. 



Polyamine Surface Crosslinking 



35 



40 



45 



Sample 


CR 


CRC 


AUL 0.7 


GBP 


1 


0.0550 


20.3 


22.4 


2299.6 


2 


0.0628 


19.6 


22.4 


2022.6 


3 


0.0630 


19.4 


21.4 


2022.3 


4 


0.0550 


19.8 


21 


1645.1 


5 


0.0550 


20 


21.4 


2067.6 


6 


0.0550 


20.1 


20.4 


1710.2 . 


7 


0.0550 


19.6 


21 


1995.9 


8 


0.0550 


19.8 


20.9 


1710 


9 


0.0550 


19.3 


20.8 


1978.2 


10 


0.0550 


19.3 


20.6 


2119.2 


11 


0.0550 


18.8 


22.0 


1822.8 


12 


0.0550 


19.1 


21.1 


2292.6 


13 


0.0550 


19.7 


18.4 


1821.0 


14 


0.0628 


18.8 


18.2 


2015.3 


15 


0.0550 


19.7 


18.3 


1930.4 


16 


0.0628 


19.3 


18.3 


2045.7 


17 


0.0550 


19.6 


18.6 


1819.0 


18 


0.0628 


18.9 


17.6 


1945.6 
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Sample 


CR 


CRC 


AUL 0.7 


GBP 


19 


0.0550 


19.1 


16.4 


2227.1 


20 


0.0628 


18.5 


17.7 


2048.8 


21 


0.0550 


19.5 


18.8 


1827.6 


22 


0.0628 


18.6 


18.8 


2217.3 


23 


0.0550 


19.4 


18,7 


1690.2 


24 


0.0628 


18.6 


19.0 


1782.6 


25 


0.0550 


19.6 


18.5 


1764.4 


26 


0.0628 


19.1 


18.7 


2033.4 


27 


0.0550 


19.7 


18.4 


2031.5 


28 


0.0628 


19.3 


17.9 


2172.2 


29 


0.0550 


21.4 


17.8 


1910.7 


30 


0.0628 


20.4 


17.7 


1728.6 


31 


0.0550 


20.3 


21.6 


2249.2 


32 


0.0628 


19.9 


21.4 


1941.4 


33 


0.0550 


20.2 


21.7 


1982.6 


34 


0.0628 


19.8 


22.3 


1975.9 


35 


0.0550 


20.4 


21.1 


2155.7 



20 Table 3 offers easily that the GBP in the case of polyamine 

surface crosslinking is much higher than in the case of conven- 
tional surface crosslinking. 

5.4.2.3 Influence of the amount of crosslinking agent in the 
25 polyamine coating solution on the absorption profile of the su- 
perabsorbent particle 

Compared is the coating of conventional superabsorbent polymers 
with that of high permeability superabsorbent polymers and its 
30 effect in a diaper core environment (table 4 and 5) . 

Table 4 

Base polymer prepared by the method of Example 1 
35 Polyethyleneimine (33 wt% solids, Mw =70,000) 
Cros si inker: Ethylene glycol diglycidyl ether 
Wetting Agent: Propylene glycol 
125 S C 1 hr 



40 



Sample 


Sample 


Coating Ratio 


AUL 0.7 1 hr 


CRC 


SFC 


l 


Comparative Example 1 


0.0400 


243 


27.4 


17.8 


2 


PEI 1% — 1 mole% Crosslinker 


0.0734 


19.5 


27.7 


14.0 


3 


PEI 1% — 3 mole% Crosslinker 


0.0734 


20.2 


27.2 


13.8 


4 


PEI 1% — 5 mole% Crosslinker 


0.0734 


19.1 


26.9 


11.7 


5 


PEI 1%— 10 mole% Crosslinker 


0.0734 


20.2 


26.8 


19.9 



45 
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4-40 ml 0.9% NaCl insults 


Sample 


Acquisition Time (sec) 


Acqusition Rate 


Rewet (g) 




1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


140.0 


282.5 


423.0 


497.5 


0.29 


0.14 


0.09 


0.08 


0.11 


0.14 


0.28 


1.9 


4 


76.6 


141.0 


169.4 


204.8 


0.52 


0.28 


0.24 


0.20 


0.08 


0.07 


0.30 


2.7 


5 


84.1 


156.2 


200.8 


231.7 


0.4S 


0.26 


0.20 


0.17 


0.06 


0.07 


0.16 


2.0 



Table 5 



Base polymer prepared by the method of Example 3 
Polyethylene imine (33 wt% solids, Mw =70,000) 
Crosslinker: Ethylene glycol diglycidylether 
Wetting Agent: Propylene glycol 
125 C C 1 hr 



Sample 


Sample 


Coating Ratio 


AUL 0.7 1 hr 


CRC 


SFC 


1 


Comparative Example 3 


0.050 


24.1 


21.1 


152.0 


2 


PEI 1% — 5 mole% Crosslinker 


0.073 


22.0 


19.5 


648.8 


3 


PEI 1% — 10 mole% Crosslinker 


0.073 


20.8 


18.8 


513.5 





4-40 ml 0.9% NaCl insults 


Sample 


Acq 


[uisition Time (sec) 


Acqusition Rate 


Rewet (g) 




l 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


78.7 


160.5 


203.4 


259.5 


0.51 


0.25 


0.20 


0.15 


0.12 


0.14 


0.39 


3.85 


2 


68.4 


66.4 


70.8 


86.7 


0.58 


0.60 


0.56 


0.46 


0.08 


0.23 


1.62 


17.70 


3 


65.0 


63.3 


72.7 


95.4 


0.62 


0.63 


0.55 


0.42 


0.16 


0.15 


1.36 


13.87 



Generally coating superabsorbent particles with a polyethylenei- 
mine solution has a substantial effect on the polymer's perfor- 

30 mance in a diaper core. However the benefits are much greater in 
the case of coating high permeability superabsorbent polymer. 
Although the absorption (AUL) and permeability (SFC) of the poly- 
mer decreases above a certain amount of crosslinker, the perfor- 
mance in terms of accruisition rate is superior to that of conven- 

35 tional superabsorbent polymer. Obviously, a crosslinker content 
of 10 mol% is the above limit where ' s no further increase of per- 
meability. Otherwise, even a very low levels of addition of poly- 
ethyl ene imine , the acquisition rate increase in observed. As the 
polyethylene imine levels increase, the rewet (g) data maintain 

40 the low values as seen with the control for the 1st, 2nd, 3rd in- 
sults. 

Effect of coating a superabsorbent polymer with a single coating 
solution 

45 
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that contains both an amine and a crossl inker. Compared is the 
coating of conventional superabsorbent polymers with that of high 
permeability superabsorbent polymers and its effect in a diaper 
core environment (table 6 and 7). 

5 

Table 6 

Base polymer prepared by the method of Example 1 
Polyethyleneimine (33 wt% solids, Mw =7 0,0 00) 
10 Crosslinker: Ethylene glycol diglycidylether 
Wetting Agent: Propylene glycol 
125 fi C 1 hr 



15 



20 



Sample 


Sample 


Coating 
Ratio 


AUL 0.7 
1 hr 


CRC 


SFC 


PAI 


l 


Comparative Example 1 


0.0400 


24.3 


27.4 


17.8 




2 


PEI ,0.05% 


0.0420 


10.6 


32.7 


0 




3 


PEI, 0.1% 


0.0430 


10.4 


32.3 


0 




4 


PEI, 0.15% 


0.0450 


10.9 


31.6 


0 


76.0 


5 


PEI, 0.25% 


0.0480 


10.5 


31.6 


0 


7S.4 


6 


PEI, 0.5% 


0.0550 


17.2 


29.7 


4.07 


95.0 


7 


PEI , 0.75% 


0.0628 


17.5 


28.1 


6.40 




S 


PEI, 1% 


0.0630 


17.4 


27.6 


4.90 




9 


PEI , 2% 


0.1000 


19.0 


27.1 


11.20 




10 


PEI , 3% 


0.1310 


19.4 


28.0 


9.80 




11 


PEI , 4% 


0.1600 


19.4 


27.8 


13.90 





25 



30 







4-40 ml 0.9% NaCl insults 


Sample 




Acquisition Time (sec) 


Acqusition Rate j 




Coating 


1 


2 


3 


4 


1 


2 


3 


4 


1-Comp.Ex 1 


0 


140.0 


382.5 


423.0 


497.5 


0.29 


0.10 


0.09 


0.08 


3 


0.1 


230.8 


639.4 


700.0 


809.7 


0.17 


0.06 


0.06 


0.05 


4 


0.15 


109.1 


205.0 


244.8 


258.0 


0.37 


0.20 


0.16 


0.16 


5 


0.25 


128.9 


261.5 


336.3 


369.8 


0.31 


0.15 


0.12 


0.11 


6 


0.5 


89.8 


162.1 


188.2 


213.4 


0.45 


0.25 


0.21 


0.19 


7 


0.75 


93.4 


.176.4 


250.4 


300.9 


0.43 


0.23 


0.16 


0.13 


8 


1 


85.9 


200.7 


254.6 


299.0 


0.47 


0.20 


0.16 


0.13 


9 


2 


87.7 


161.3 


191.8 


236.1 


0.46 


0.25 


0.21 


0.17 


10 


3 


89.0 


231.3 


2S5.1 


371.8 


0.45 


0.17 


0.14 


0.11 


11 


4 


84.7 


173.5 


235.9 


274.4 


0.47 


0.23 


0.17 


0.15 



40 



45 



WO 03/043670 PC T/EP02/12SOX 



89 



5 



10 







4-40 ml 0.9% NaCl insults 


Sample 




Rewet (g) 




Coating 


1 


2 


3 


4 


l-Comp.Ex 1 


0 


0.11 


0.14 


0.2S 


1.90 


3 


0.1 


0.17 


0.31 


1.13 


2.25 


4 


0.15 


0.27 


0.16 


0.42 


1.86 


5 


0.25 


0.09 


0.15 


0.73 


2.39 


6 


0.5 


0.12 


0.15 


0.40 


1.56 


7 


0.75 


0.10 


0.17 


0.60 


2.87 


8 


1 


0.10 


0.12 


0.24 


1.84 


9 


2 


0.12 


0.16 


0.41 


3.30 


10 


3 


0.11 


0.10 


0.15 


1.40 


11 


4 


0.12 


0.13 


0.24 


2.98 



Table 7 

Base polymer prepared by the method of Example 3 
Polyethyleneimine (33 wt% solids, Mw =70,000) 
Crosslinker: Ethylene glycol diglycidylether 
Wetting Agent: Propylene glycol 
125 S C 1 hr 



25 



30 



Sample 


Sample 


Coating Ra- 
tio 


AUL0.7 1 hr 


CRC 


SFC 


1 


Comparative Example 3 


0.050 


■ 24.1 


21.1 


152.0 


2 


PEI 0.25% Coated HP SAP 


0.050 


21.8 


19.9 


365.3 


3 


PEI 0.5% Coated HP SAP 


0.057 


21.6 


19.1 


733.6 


4 


PEI 0.75% Coated HP SAP 


0.065 


21.7 


18.6 


713.6 


5 


PEI 1% Coated HP SAP 


0.073 | 


22.0 


19.5 ! 


648.8 


6 


PEI 2% Coated HP SAP 


0.107 


21.5 


17.4 


661.4 


7 


PEI 3% Coated HP SAP 


0.140 


21.5 


17.1 


687.6 


8 


PEI 4% Coated PIP SAP 


0.173 


19.5 


16.7 


722.3 



35 



40 





4-40 ml 0.9% NaCl insults 


Sample 


Acquisition Time (sec) 


Acqusition Rate 




1 


2 


3 


4 


1 


2 


3 


4 


1-Comp.Ex 3 


78.7 


160.5 


203.4 


259.5 


0.51 


0.25 


0.20 


0.15 


2 


61.1 


67.4 


84.4 


101.0 


0.65 


0.59 


0.47 


0.40 


3 


62.1 


74.4 


77.0 


90.2 


0.64 


0.54 


0.52 


0.44 


4 


60.8 


66.3 


69.7 


85.0 


0.66 


0.60 


0.57 


0.47 


5 


59.5 


61.0 


65.2 


78.8 


0.67 


0.66 


0.61 


0.51 


6 


57.8 


78.5 


79.6 


87.3 


0.69 


0.51 


0.50 


0.46 


7 


55.8 


56.4 


76.2 


87.0 


0.72 


0.71 


0.52 


0.46 


8 


55.4 


65.3 


70.1 


89.2 


0.72 


0.61 


0.57 


0.45 
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10 





4-40 nil 0.9% NaCl insults 


Sample 


Rewet (g) 




1 


2 


3 


4 


1-Corap.Ex 3 


0.12 


0.14 


0.39 


3.85 


2 


0.17 


0.12 


0.40 


9.10 


3 


0.11 


0.08 


0.22 


7.90 


4 


0.12 


0.11 


0.48 


7.70 


5 


0.07 


0.10 


0.47 


12.10 


6 


0.13 


0.23 


1.00 


9.50 


7 


0.15 


0.34 


1.69 


12.70 


S 


U.13 


0.22 


2.10 


19.60 



Again high permeability superabsorbent polymer coated with a po- 
lyethylene imine solution show superior permeability than ec^ually 
coated conventional superabsorbent polymer. Now the experiments 

15 were conducted at low to optimum crosslinker content. Obviously, 
a crosslinker content of 0.15 mol% is the minimum to see an in- 
fluence of coating. But even at this very low levels of addition 
of polyethyleneimine , the acquisition rate increase. Again, the 
performance of coated high permeabilty superabsorbent polymers in 

20 terms of acquisition rate is superior to that of conventional 

superabsorbent polymer. With an increase in the bulk crosslinker 
in the base polymer, there is an increase in the permeability 
(SFC) of the high permeability superabsorbent polymer. The ac- 
quisition times and rates are similar; however, the rewet (g) va- 

25 lues increase for the 3rd and 4th insults with the higher bulk 
crosslinked base polymer. 

Effect of increasing the bulk crosslinker in the high permeabi- 
lity superabsorbent polymer and coating with a single coating 
30 solution that contains both an amine and a crosslinker. Compared 
is the coating of a high permeability superabsorbent polymer with 
a crosslinker content of 0.083 mol% MBA with that of a high per- 
meability superabsorbent polymer with a crosslinker content of 
0.1 mol% MBA (table 8 and 9) . 

35 

Table 8 

Base polymer prepared by the method of Example 3 
Polyethyleneimine (33 wt% solids, Mw =70,000) 
40 Crosslinker: Ethylene glycol diglycidylether 
Wetting Agent: Propylene glycol 
12 5 a C 1 hr 
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Sample 


Sample 


Coating Ratio 


ATTT A 1 1 Kr 

aul u. / l nr 


LKL 




l 


Comparative Example 3 


0.050 


24.1 




152.0 


2 


PEI 0.25% Coated HP SAP 


0.050 


21.8 


19.9 


365.3 


3 


PEI 0.5% Coated HP SAP 


0.057 


21.6 


19.1 


733.6 


4 


PEI 0.75% Coated HP SAP 


0.065 


21.7 


18.6 


713.6 


5 


PEI 1% Coated HP SAP 


0.073 


22.0 


19.5 


648.8 



10 





4-40 ml 0.9% NaCl insults 


Sample 


Acquisition Time (sec) 


Acqusition Rate 




1 


2 


3 


4 


1 


2 


3 


4 


J. — v_,UMlip.JJ»A. J 


/o./ 


160.5 


203.4 


259.5 


0.51 


0.25 


0.20 


0.15 


2 


61.1 


67.4 


84.4 


101.0 


0.65 


0.59 


0.47 


0.40 


3 


62.1 


74.4 


77.0 


90.2 


0.64 


0.54 


0.52 


0.44 


4 


60.8 


66.3 


69.7 


85.0 


0.66 


0.60 


0.57 


0.47 


5 


59.5 


61.0 


65.2 


78.8 


0.67 


0.66 


0.61 


0.51 



15 



20 





4-40 ml 0.9% NaCl insults 


Sample 


Rewet (g) 




1 


2 


3 


4 


1-Comp. Ex 3 


0.12 


0.14 


0.39 


3.85 


2 


0.17 


0.12 


0.4 


9.1 


3 


0.11 


0.08 


0.22 


7.9 


4 


0.12 


0.11 


0.48 


7.7 


5 


0.07 


0.1 


0.47 


12.1 



Table 9 

Base polymer prepared by the method of Example 3 prepared at a 
higher bulk crosslinker level in the polymerization (0.1 mole % 
MBA) 

Polyethyleneimine (33 wt% solids, Mw =70,000) 
Crosslinker: Ethylene glycol diglycidylether 
Wetting Agent: Propylene glycol 
125 »C 1 hr 



35 



Sample 


Sample 


Coating Ratio 


AUL 0.7 1 hr 


CRC 


SFC 


l 


Comparative Example 3 




22.5 


19.8, 


239.1 


2 


PEI 0.25% Coated HP SAP 


0.050 


21.6 


20.1 


477.1 


3 


PEI 0.5% Coated HP SAP 


0.057 


22.5 


19.7 


610.3 


4 


PEI 0.75% Coated HP SAP 


0.065 


22.1 


19.2 


813.9 


5 


PEI 1% Coated HP SAP 


0.073 


21.4 


19.8 


638.9 





4-40 ml 0.9% NaCl insults 


Sample 


Acquisition Time (sec) 


Acqusition Rate 




1 


2 


3 


4 


1 


2 


3 


4 


l-Comp.Ex 3 


















2 


65.3 


75.8 


' 86.3 


104.9 


0.61 


0.53 


0.46 


0.38 


3 


58.2 


70 


75.3 


90.9 


0.69 


0.57 


0.53 


0.44 


4 


66.5 


72.7 


79.6 


96.5 


0.60 


0.55 


0.50 


0.41 


3 


66.1 


81.4 


87.5 


109 


0.61 


0.49 


0.46 


0.37 
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4-^40 nil 0.9% Nad insults 


Sample 


Rewet (g) 




1 


o 


3 


4 


1-Comp. Ex 3 










2 


0.09 


0.21 


0.74 


8.7 


3 


0.06 


0.08 


0.34 


12 


4 


0.11 


0.21 


6.4 


16.5 


5 


0.09 


0.11 


0.89 


11.3 



Obviously increasing the bulk crosslinker in the high permeabi- 
lity superabsorbent polymer within the above range from 0.083 to 
0.1 mol % shows no significant change in the absorption profile. 
Nevertheless, a bulk crosslinker content of 0.083 mol % seems to 
show improved acquisition datas . 

Influence of the amount of wetting agent in the polyamine coating 
solution 



Table 10 



Base polymer prepared by the method of Example 3 
Polyethyleneimine (33 wt% solids, Mw =70,000) 
Crosslinker: Ethylene glycol diglycidyl ether 
Wetting Agent: Propylene glycol 
125 S C 1 hr 



Sample 


Sample 


PG in Coating 
(based on 
SAP) 


Coating 
Ratio 


AUL 0.7 
lhr 


CRC 


SFC 


1 


Comparative Example 3 


2 wt% 


0.050 


22.5 


19.4 


256.8 


2 


HP SAP 1%PEI 


2 wt% 


0.053 


21.7 


19.3 


410.2 


3 


HP SAP 1%PEI 


4 wt% 


0.073 


22.0 


19.5 


64S.8 


4 


HP SAP 1%PEI 


6 wt% 


0.093 


22.5 


19.3 


552.8 


5 


HP SAP 1%PEI 


8 wt% 


0.110 


22.5 


20 


423 



35 Comparison of two different polyethyleneimines in the coating 
solution (table 11 and 12) 

Table 11 



40 Base polymer prepared by the method of Example 3 
Polyethyleneimine (33 wt% solids, Mw =750,000) 
Crosslinker: Ethylene glycol diglycidyl ether 
Wetting Agent: Propylene glycol 
125 S C 1 hr 
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PEI Coated (BASF Lupasol PS) HP SAP 





Sample 


Coating 
Ratio 


AUL 0.7 
1 hr 


CRC 


SFC 


1 


Comparative Example 3 


0.0500 


24.1 


21.1 


152.4 


2 


HP SAP 0.25% PEI Coated 


0.0500 


21.6 


20.3 


238.6 


3 


HP SAP 0.5% PEI Coated 


0.0550 


22.4 


20.3 


392.2 





4-40 ml 0.9% NaCl insults 


Sample 


Acquisition Time (sec) 


Acqusition Rate 




1 


2 


3 


4 


1 


2 


3 


4 


l-Comp. Ex 3 


7S.7 


160.5 


203.4 


259.5 


0.51 


0.25 


0.2 


0.15 


2 


78.8 


156.4 


164.4 


166 


0.51 


0.26 


0.24 


0.24 


3 


69.9 


97.8 


113.5 


150.1 


0.57 


0.41 


0.35 


0.27 



10 





4-40 ml 0.9% NaCl insults 


Sample 


Rewet (g) 




l 


2 


3 


4 


l-Comp. Ex 3 


0.12 


0.14 


0.39 


3.85 


2 


0.07 


0.09 


0.15 


1.5 


3 


0.1 


0.13 


0.37 


4.47 



15 



20 



PEI Coated (Epomin) HP SAP 



Table 12 



25 



30 



Base polymer prepared by the method of Example 3 
Polyethyleneimine (33 wt% solids, Mw =70,000) 
Crosslinker: Ethylene glycol diglyc idyl ether 
Wetting Agent: Propylene glycol 
125 £ C 1 hr 



Sample 


Sample 


Coating 
Ratio 


AUL 0.7 
1 hr 


CRC 


SFC 


l 


Comparative Example 3 


0.050 


24.1 


21.1 


152.0 


2 


PEI 0.25% Coated HP SAP 


0.050 


21.8 


19.9 


365.3 


3 


PEI 0.5% Coated HP SAP 


0.057 


21.6 


19.1 


733.6 


4 


PEI 0.75% Coated HP SAP 


0.065 


21.7 


1S.6 


713.6 


5 


PEI 1% Coated HP SAP 


0.073 i 


22.0 


19.5 


648.8 


6 


PEI 2% Coated HP SAP 


0.107 


21.5 


17.4 


661.4 


7 


PEI 3% Coated HP SAP 


0.140 


21.5 


17.1 


687.6 


8 


PEI 4% Coated HP SAP 


0.173 


19.5 


16.7 


722.3 



35 



40 





4-40 ml 0.9% NaCl insults 


Sample 


Acquisition Time (sec) 


Acqusition Rate 




1 


2 


3 


4 


1 


2 


3 


4 


l-Comp. Ex 3 


78.7 


160.5 


203.4 


259.5 


0.51 


0.25 


0.2 


0.15 


2 


61.1 


67.4 


84.4 


101 


0.65 


0.59 


0.47 


0.40 


3 


62.1 


74.4 


77 


90.2 


0.64 


0.54 


0.52 


0.44 



r 
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4-40 nil 0.9% NaCl insults 


Sample 


Rewet (g) 




1 


2 


3 


4 


1-Comp.Ex 3 


0.12 


0.14 


0.39 


3.85 


2 


0.17 


0.12 


0.4 


9.1 


3 


0.11 


0.08 


0.22 


7.9 



The results show that the polyethyleneimine-type Epomin perforins 
comparably. This could be found for the acquisition datas; the 
10 rewets fo:r this poiyethyleneimine-type are otherwise worse than 
the BASF Lupasol PS Type . 

Summary of the results 

15 The experiments show that there are different results in compari- 
son of polyamine surface crosslinked superabsorbent polymer and 
conventional surface crosslinked superabsorbent polymer. Said 
coating solution comprises a cationic compound as for example po- 
lyvinylamines or polyethylene imines and a crosslinking agent. 

2Q Generally, polyamine coating leads to products, which exhibit 
better acquisition datas and have improved permeability by 
application in the absorbent core. Furthermore, the comparison 
between polyamine coated conventional ' superabsorbent polymer and 
polyamine coated high permeability superabsorbent polymer show 

25 that the high permeability superabsorbent polymers performs the 
best . 

Comparative examples show, that a minimum of crosslinker has to 
be added to the cationic compound to get superior acquisition 
3 q behaviour. Rising the crosslinker content above a certain limit 
gives no further benif its . The prefered range of the crosslinker 
content goes from 0.15 mol % to 5 mol %. Otherwise, small changes 
in content of the bulk crosslinker does not significantly in- 
fluence the performance data. 

35 

Polyamine-coated absorbent fines having improved acquisition ra- 
tes and composites / air laids made thereof. 

Polyamine coated fines exhibit improved acquisition rates without 
40 tendency to gel-blocking. In detail, this aspect of the present 
invention concerns improved coated fines of particle sizes below 
400 \xm. 

Composites or air-laids of this aspect of the present invention 
4 5 show an improved acquisition -behavior and low rewets at the same 
time . 
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Example 1 

A 10 L capacity polyethylene vessel, well insulated by foamed po- 
lymer material, is charged with 3400 g of demineralized water and 
5 1400 g of acrylic acid. 8.4 g of methylene bisacrylamide is then 
added as crosslinker. At a temperature of 4 °C, the initiators, 
consisting of 2.2 g of 2 , 2 * -azobisamidinopropane dihydrochloride , 
dissolved in 25 g of demineralized water, 4 g of potassium 
peroxodisulf ate, dissolved in 150 g of demineralized water, and 

10 0.4 g of ascorbic acid, dissolved in 25 g of demineralized water, 
are added in succession stirred in. The reaction solution is then 
left to stand without stirring, and the temperature of the 
polymerization rises to about 94 °C. A solid gel is obtained, and 
this gel is subsequently mechanically comminuted and adjusted to 

15 pH 6 . 0 by addition of 50 % strength by weight sodium hydroxide 
solution The gel is then dried, ground and classified to a 
particle size distribution of 100 - 200 |Xm (base polymer la) 
resp. 2 00 - 3 00 ^im (base polymer lb). 

20 Example 2 

A 10 L, capacity polyethylene vessel, well insulated by foamed po- 
lymer material, is charged with 3400 g of demineralized water and 
1400 g of acrylic acid. 9 . 5 g of allyl methacrylate and 140.0 g 

25 of a 15 % strength by weight aqueous solution of a polyamidoami- 
ne-epichlorhydrin adduct (RETEN 2 04 LS from Hercules) is then 
added as crosslinker. At a temperature of 4 °C, the initiators, 
consisting of 2 . 2 g of 2 , 2 x -azobisamidinopropane dihydrochloride, 
dissolved in 25 g of demineralized water, 4 g of potassium 

30 peroxodisulf ate, dissolved in 150 g of demineralized water, and 
0.4 g of ascorbic acid, dissolved in 25 g of demineralized water, 
are added in succession stirred in. The reaction solution is then 
left to stand without stirring, and the temperature of the 
polymerization rises to about 91 °C. A solid gel is obtained, and 

35 this gel is subsequently mechanically comminuted and adjusted to 
pH 6.0 by addition of 50 % strength by weight sodium hydroxide 
solution The gel is then dried, ground and classified to a 
particle size distribution of 100 - 300 [im (base polymer 2a) 
resp. 100 - 400 jum (base polymer 2 b) . 

40 

Surface crosslinking : 

1 kg of the base polymer is sprayed in a plowshare mixer with the 
following solutions (simultaneously, but via two nozzles) : 

45 



WO (13/043670 PCT/EP02/I2SOS 





Example 


Base 
polymer 


Nozzle 1 


Nozzle 2 




3 


1 b 


20 g of poly vinyl amine 
solution* 


2.0 g of ethylene glykol bisglycidyl 
ether 


5 








10 g of propylene glykol 
20 g of demineralized water 




4 


1 a 


12.5 g of poly vinyl amine 
solution* 


1.5 g of ethylene glykol bisglycidyl 
ether 


10 








10 g of propylene glykol 
20 g of demineralized water 


5 


2b 


30 g of poly ethylene 
imine solution** 


1.5 g of ethylene glykol bisglycidyl 
ether 

10 g of propylene glykol 
20 g of demineralized water 


15 


6 


2a 


20 g of poly ethylene 
imine solution** 


2.0 g of ethylene glykol bisglycidyl 
ether 

10 g of propylene glykol 
20 g of demineralized water 




7 


2b 


30 g of poly vinyl amine 
solution* 


0.5 g of ethylene glykol bisgtycidyl 
ether 


20 








4.0 g of sodium formiate 
10 g of propylene glykol 
20 g of demineralized water 




8 


2a 


10.0 g of poly ethylene 
imine solution** 


2.0 g of ethylene glykol bisglycidyl 
ether 


25 








10 g of propylene glykol 
20 g of demineralized water 




9 


2a 




0.2 g of ethylene glykol bisglycidyl 
ether 

10 g of propylene glykol 
20 g of demineralized water 



30 



* poly vinyl amine solution: 2 5 % strength by weight aqueous 

solution of poly vinyl amine 
(K value of 3 0) 

** poly ethylene imine solution: Polymin G 100 (trade product from 

BASF AG, 50 % strength by weight 
aqueous solution of poly ethylene 
imine ) 



The mixtures are then heated in a laboratory drying oven at 100 

40 

for 60 minutes. The products described herein (all of white co- 
lor) have the following properties: 



45 
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10 





CRC 


Vortex time 


-J 


25.0 g/g 


12 s 


A 


23.0 g/g 


8 s 


D 


16.1 g/g 


24 s 


0 


15.3 g/g 


14 s 


/ 


17.3 g/g 


22 s 


8 


IOC „/„ 
1 o.D g/g 


17 s 


9* 


19.0 g/g 


32 s 


10* 


24.8 g/g 


20 s 1 


11* 


26.8 g/g 


24 s 


12* 


14.0 g/g 


19 s 



*: Comparative example 
15 Comparative examples : 
Sample 10: 

1 kg of the base polymer 1 b is sprayed in a plowshare mixer with 
20 a solution consisting of 2 . 0 g of ethylene glykol bisglycidyl 

ether, 10 g of propylene glykol and 20 g of demineralized water. 
The mixture is the heated in a loboratory drying oven at 100 °C 
for 60 minutes. The dried product is then placed again in a 
plowshare mixer and srayed with a mixture consisting of 20 g of a 
25 poly vinyl amine solution (25 % strength by weight aqueous 

solution of poly vinyl amine., K value of 30) arid 10 g of demine- 
ralized water. The mixture is then heated in a laboratory drying 
oven at 100 °C for 60 minutes. 



30 



Sample 11: 



1 kg of the base polymer 1 b is sprayed in a plowshare mixer with 
a solution consisting of 20 g of a poly vinyl amine solution (25 
% strength by weight aqueous solution of poly vinyl amine., K va- 
35 lue of 30) ' 10 ST of propylene glykol and 20 g of demineralized 
water. The mixture is the heated in a loboratory drying oven at 
100 °C for 60 minutes. 



Sample 12 : 



40 



1 kg of the base polymer 2 a is sprayed in a plowshare mixer with 
a solution consisting of 20 g of a poly vinyl amine solution (2 5 
% strength by weight aqueous' solution of poly vinyl amine., K va- 
lue of 30), 10 g of propylene glykol and 20 g of demineralized 
45 water. The mixture is the heated in a loboratory drying oven at 
180 °C for 60 minutes. A product with yellow-brown color is obtai- 
ned. 
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Claims 

1. Superabsorbent particles with a shell, wherein said shell 
comprises a cationic polymer crosslinked by the addition of 
crosslinker and adhered to hydrogel-f orming polymer obtaina- 
ble by applying a coating solution, containing both a 
cationic polymer and crosslinker, to hydrogel-f orming polymer 
having a residual water content of less than 10 w%. 

2. Superabsorbent particles with a shell according to claim 1 
wherein the hydrogel-f orming polymer is neutralized to at 
least 50 mole percent. 

15 3. Superabsorbent particles with a shell according to claims 1 
and 2 wherein the cationic polymer is a polyamine or poly- 
imine material, preferably a polyamine material. 

4. Superabsorbent particles with a shell according to claim 3 

2 0 wherein said polyamine is selected from the group consisting 

of (a) polymers having primary amine groups; (b) polymers ha- 
ving secondary amine groups; (c) polymers having tertiary 
. amine groups; and (d) mixtures thereof . 

25 5. . Superabsorbent particles with a shell according to one of the 
claims 1 to 4 wherein the crosslinker is selected from the 
group of sodium formate, poly (ethylene glycol) diglycidyl 
ethers . 

3 0 6. Superabsorbent particles with a shell according to one of the 

claims 1 to 5 , wherein the particles show a CRC of at least 
24 g/g, preferred of at least 26 g/g, especially preferred of 
at least 28 g/g and most preferred of at least 30 g/g. 

35 7. Superabsorbent particles with a shell according to one of the 
claims 1 .to 6, wherein the particles show a Pressure Absor- 
bency Index of less than 120, preferred of less than 100. 

8. Superabsorbent particles with a shell according to one of the 

4 0 claims 1 to 7 , wherein the particles show a ratio of AUL 

(0,01 psi) to AUL (0,90 psi) of more than 2,0, preferred of 
more than 2,5, especially preferred of more than 3,0 and most 
preferred of more than .3,5. 

45 9. Superabsorbent particles with a shell according to one of the 
claims 1 to 8 , wherein the particles show a CRC of at least 
18 g/g, preferred of at least 20 g/g, especially preferred of 
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at least 22 g/g. and a Gel Bed Permeability of more than 800, 
preferred of more than 1000, more preferred of more than 
1200, especially preferred of more than 1500 and most prefer- 
red of more than 2000. 

5 

10. Superabsorbent particles with a shell according to one of the 
claims 1 to 9, wherein the particles show a Vortex Time of 
less than 3 0 s, preferably of less than 2 5 s, more preferred 
of less than 2 0 s, especially preferred of less than 15 s and 

10 most preferred of less than 10 s. 

11. Superabsorbent particles with a shell according to one of the 
claims 1 to 10, wherein 80 %, preferably 90%, more preferably 
95% of the particles are smaller than 400 Jim, preferably are 

15 smaller than 3 00 Jim, especially preferred are smaller than 

250 .^m, and most preferred are smaller than 200 jxm. 

12. A composite comprising superabsorbent particles with a shell 
according to one of the claims 1 to 11, 

20 

13. A composite according to claim 12 wherein the composite con- 
tains more than 3 0% by weight, preferred more than 4 0% by 
weight, especially preferred more than 50% by weight and most 
preferred more than 60% by weight superabsorbent particles 

25 with a shell. 

14. A composite according to one of the claims 12 or 13, wherein 
the superabsorbent particles show a Performance Parameter PP 
of less than 1500, preferred of less than 1000 and especially 

30 preferred of less than 500. 

15. A composite according to one of the claims 12 to 14 compri- 
sing (a) synthetical fibers, (b) cellulosic fibers and (c) 
superabsorbent particles with a shell wherein the mixing ra- 

35 tio of synthetical fibers and cellulosic fibers can be varied 

from (100 to 0) synthetical fibers to ( 0 to 100) cellulosic 
fibers . 

16. A composite according to claim 15 wherein the composite can 
40 be obtained by (1) a procedure wherein (a) , (b) and (c) are 

mixed at the same time, (2) a procedure wherein a mixture of 
(a) and (b) is mixed with (c) , (3) a procedure wherein a mix- 
ture of (b) and (c) is mixed with (a), (4) a procedure whe- 
rein a mixture of (a) and (c) is mixed with (b) , (5) a proce- 
45 dure wherein (b) and (c) is mixed and (a) is continuously ad- 

ded, (6) a procedure wherein (a) and (c) is mixed and (b) is 
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continuously added, or (7) a procedure wherein (b) and (c) 
are separately mixed with (a) . 



17. A composite according to claims 12 to 16 obtainable by a pro- 
5 cess wherein the layer of superabsorbent particles with a 

shell is heated above the glass transition temperature of the 
resin to bind adjacent resin particles together or to bind 
the particles to the fibers or a combination of both. 

10 18. A composite according to claim 17 wherein said layer is hea- 
ted in the range of about 50 °C to about 100 °C during sheet 
material manufacture. 



19. An air-laid comprising superabsorbent particles with a shell 
15 according to one of the claims 1 to 11. 

20. An air-laid according to claim 19 wherein the air-laid con- 
tains more than 30% by weight, preferably more than 40% by 
weight, more preferred more than 50% by weight, especially 

20 preferred more than 60% by weight, higher preferred more than 

70% by weight and most preferred more than 80% by weight 
superabsorbent particles with a shell. 



21. An air-laid according to one of the claims 19 or 20, wherein 
25 the superabsorbent particles show a Performance Parameter PP 

of less than 1500, preferred of less than 1000 and especially 
preferred of less than 500. 

22. An air-laid according to claims 19 to 21 obtainable by a pro- 
30 cess wherein the hydrogel forming polymer is sprayed with a 

coating solution containing water, optionally a wetting 
agent, a cationic polymer and a crossl inker and drying at 
temperatures of no more than 15 0°C. 

35 23. An air-laid composite according to claims 19 to 22 obtainable 
by a process wherein the layer of superabsorbent particles 
with a shell is heated above the glass transition temperature 
of the resin to bind adjacent resin particles together. 

40 24. An air-laid according to claim 23 wherein said layer is hea- 
ted in the range of about 50 °C to about 100 °C during sheet 
material manufacture. 



25. An absorbent article comprising (a) a liquid pervious top 

sheet, (b) a liquid impervious back sheet, and (c) an absor- 
bent core positioned between said top sheet and said back 
sheet, characterized in that said absorbent core comprises 
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coated absorbent material according to one of the claims 1 to 
24. 



26. An absorbent article according to claim 2 5 wherein the core 
has a shakeout of less than 10%, by weight, of the polyamine 
coated superabsorbent particles. 

27. An absorbent article according to one of the claims 25 or 26 
further comprising an acquisition layer disposed between the 
topsheet and the core. 

28. A method for making superabsorbent particles with a shell, 
characterized in that it comprises: 

(a) preparing a solution containing water, optionally a wet- 
ting agent, a cat ionic polymer and a crosslinker 

(b) applying an amount of said solution onto a plurality of 
absorbent hydrogel -forming polymer particles with a resi- 
dual water content of less than 10 w%, 

(c) drying said coated polymer particles at temperatures of 
no more. than 150°C. 



29. A method for making superabsorbent particles with a shell ac- 
cording to the preceding claim wherein the wetting agent is 
a hydrophilic organic solvent, wherein the ratio of organic 
solvent to water in the reaction mixture is less than 50:50. 

30. A method for making superabsorbent particles with a shell ac- 
cording to one of the preceding claims wherein the wetting 
agent is an alcohol, as e.g. propylene glycol. 

31. Superabsorber particles with a shell prepared by a method of 
the preceding claims. 
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